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PREFACE TO THE SECOND EDITION 


IN this new edition each species has been treated separately in order to 
make the references readily available. Since the work has been done 
without the help of professional bibliographers, some errors may have crept 
in, although I have made every efTort to avoid them. In dealing with the 
lesser-known species I have attempted to bring together reports from natu¬ 
ralists and from held expeditions as a contribution toward eventually deter¬ 
mining the reproductive pattern for these species. 

No attempt has been made in the new edition to bring geographical 
references into conformity with present political divisions. Names, now no 
longer current, of areas where research was originally done (such as the 
Belgian Congo, French Guinea, and the Cameroons) have deliberately 
been retained. 

Critics of the first edition objected chiefly to the taxonomy. Several took 
exception to my identification of Rattiis norvegiciis with R. rattus. This error 
has been rectified, but no doubt new ones will be called to my attention, 
because whenever I have found a reasonable excuse to “lump” I have lumped. 
Idle general arrangement has been changed to conform as closely as possible 
with G. G. Simpson’s classification. Probable errors have been changed to 
standard errors. The introductory chapter in the original edition has been 
omitted here in view of the many works on the physiology of reproduction 
now available. 

It is a pleasure to acknowledge help from others. Mainly I am indebted 
to Biological Abstracts and Animal Breeding Abstracts. The bibliographies 
in the Journal of Mammalogy have also been helpful. For Japanese literature 
I had the help of Professor Y. Nishikawa and Dr. S. Mikami; for Russian, 
that of Mr. P. Kitzberg. The stafTs of the Balfour Library, Cambridge, and 
The British Museum of Natural Flisiory, London, were helpful while I 
was on sabbatical leave in 1960 . Dr. G. van Wagenen has checked the article 
on Mucuca mulata and added to it from her vast experience with this species. 

S. A. Asdell 

Ithaca, New YorJ{ 

February 1 ^ 64 . 




PREFACE TO THE FIRST EDITION 


DURING the past few years several good books have appeared dealing 
with reproduction in general and with certain phases of it in particular. 
The approach has been that of the physiologist who wishes to synthesize; 
the books have dealt with functions and with the relations of functions to 
structures. With the advance in knowledge it has become apparent that 
reproductive phenomena, while depending upon similar basic principles 
in all species, fit together in diverse ways to produce the very varied patterns 
which constitute species difierences. Recent work has tended to emphasize 
the importance of the quantitative aspects of reproduction. In our laboratory 
we have found that this method of approach has given us the explanation 
of several peculiarities in the cstrous cycle of the cow, and it has enabled 
us to make certain generalizations upon hormone thresholds and repro¬ 
ductive patterns that are useful. Accordingly, it seemed to me that a bene¬ 
ficial purpose would be served if the available information on mammalian 
reproduction were brought together, species by species, with particular 
stress, whenever possible, on the quantitative aspects. I hope that this 
compilation will help lay the foundations of a physiological zoology of 
reproduction, so well begun by Dr. F. H. A. Marshall. The work involved 
has been heavy, but when I broached the subject to Dr. Carl Hartman his 
reaction was so encouraging that I undertook it; I could hardly do other¬ 
wise with his own example in the field to inspire me. 

I have attempted to pick out the most important work for each species— 
that which would give some idea of the species’ quantitative reactions—and 
to present the histological and physiological foundations upon which further 
progress in the subject may be built. The information available has been 
pieced together in as logical an order as possible, with occasional comment 
in the nature of comparisons or notations of inconsistencies in the data. I have 
indicated in places, especially in the introductions to each Order, certain 
gaps in our knowledge, as suggestions to those who may have opportunities 
to carry on the work. Other problems will naturally suggest themselves if 
the abundance of knowledge regarding one species be compared with its 
dearth in another. I should like to point out here the comparative neglect 
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from which the American fauna has suffered and to suggest that this is a 
field which might profitably be explored to the benefit of science and of the 
practical man, be he conservationist, pest controller, or animal breeder. 

The literature is vast and widely scattered. I cannot fail to have made 
errors, but I hope that the sins of omission are more frequent than those 
of commission; the former do less harm in a work of this sort and can be 
more easily rectified. I trust that the book will be found sufficiently useful 
to warrant keeping it up to date. Accordingly, I shall be grateful if readers 
will draw my attention to papers containing material which should have 
been included.... 

In picking out my references I have made no attempt to settle questions 
of priority; my choice has always been dictated by circumstances of com¬ 
pleteness, seeming reliability, or of availability. All who have worked in 
the field are, in a sense, coauthors, and share responsibility for the book. 

It has not been easy for me to pick my way among the pitfalls of zoological 
nomenclature, and, doubtless, this part is open to a good deal of criticism. 
I have tried to adhere to the best of modern methods of classification and to 
avoid duplication of species.... 

Many statistical data have been brought together and recalculated, and 
I have taken considerable trouble to indicate the degree of variability of 
such data. The probable error has been used throughout, together with 
the range within wffiich abf)Ut So per cent of the material falls. I’he mode, 
also, has been reported wherever possible, since the practical man is mainly 
interested in what happens most frequently and in the range within which 
the majority of observations may be expected to fall. Averages are useful for 
comparing species but not for use within a species. The counts of the num¬ 
ber of young in most wild rodents are embryo counts.... 

S. A. Asdell 

Ithaca, New Yor\ 

January 
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Monotremata 


TACHYGLOSSIDAE 

Tachyglosslis aculeata Shaw and Nodder 
ECHIDNA 

I N Tasmania the echidna breeds from near the end of June to the begin¬ 
ning of September (i). It breeds once a year and lays one egg, which is 
placed in the pouch by the mother. The pouch is visible in the embryo, but 
after hatching it is lost to sight until the beginning of the first heat ( 2 ). Nor¬ 
mally, one egg is {produced, although there were 4 exceptions in 140 cases. 
Both ovaries are functional, contrary to earlier statements. The passage 
through the oviduct is rapid. Tlie first polar body is given off in the ovary 
and the second in the oviduct. With its coating of albumen and shell the egg 
is 4 mm. in diameter (i). 

The oviduct consists of an infundibulum, a neck, and an albumen- 
secreting layer. The infundibulum is lined with tall, columnar, nonciliated 
secretory cells and with ciliated nonsecretory cells. The fluid from the secre¬ 
tory cells is clear and is secreted prior to ovulation. It is very plentiful and 
fills the space between the ovary and the infundibular membrane. The neck 
contains goblctlikc mucoid cells, which secrete just before the egg leaves 
the follicle and early in fertilization. This secretion is not plentiful. The 
albumen-secreting cells produce two layers which cover the egg. The first 
layer is dense and is deposited during passage through the upper two thirds 
of the tube. It is produced mainly during the fertilization stages. The lower 
third produces the second layer of albumen, which is more fluid and is small 
in amount. This part of the oviduct is glandular, containing convoluted 
tubular glands as well as the secretory epithelium. The glands secrete before 
the ovum leaves the follicle, and the fluid is stored in the lumen ( 3 ). 

At the tubo-uterine junction are more glands, which, with the glands of 
the tube, deposit the two-layered shell. The shell material is secreted by the 
basal part of the glands, while their middle and upper regions secrete a kind 
of uterine milk (^). 

The intra-uterine period of incubation of the egg is said to be about 28 
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days (4), but the evidence only justifies the conclusion that it is between 12 
and 28 days. 

1. Flynn, T. T., and J. P. Hill, TZS., 24: 445-622, tc)38-40. 

2. Semon, R. W. In the Australian Bush. London, 1899. 

3. Hill, C J. TZS., 25: 1-31, 1941. 

4. Broom, R. Proc. Linn. Soc., New South Wales, 10: 576-577, 1895. 


ORNITHORHYNCHIDAE 

Ornitborhynchiis anatiniis Shaw and Nodder 
DUCK-BILLED PLATYPUS 


The female platypus begins to breed when she is 16 inches long, but 
whether this is during the first or second season is uncertain. The adult length 
is about 18 inches. She breeds once a year, in July or August to mid-October. 
The breeding season is early in Queensland ()uly-August) and later in 
Victoria (Septembcr-October). Early in the season the testes, the crural 
glands, and the scent glands of the males enlarge. Copulation occurs in the 
water (i). 

Only the left ovary is functional (2), and the eggs are always found in the 
left uterus (i). These are round and are 3 mm. in diameter at the time of 
fertilization; they immediately grow by imbibition of water and become 
oval. The number shed is i to 3, usually 2. As they pass down the oviduct, 
they receive a coat of albumen and a thin, leathery shell (3). In the uterus 
the eggs are apart, with the longer axis in the direction of the length of the 
uterus. At laying, the female squats in the nest on her rump with her tail 
between her legs and hands to receive the eggs (i). As it is laid the egg 
measures 16 to 18 mm. X 14 to 15 mm. (3). When two are laid they soon 
join, side by side (i). The sticky material which causes them to cement to¬ 
gether is deposited in the oviduct (3). The average number of eggs or of 
young found in nests was 1.9 ±: .05 (i). 

A captive platypus in Australia laid eggs in two years. On one occasion 
the female mated for the first time on October i and laid an egg 15 days 
later. In the second year coitus occurred on October ii and an egg was laid 
on October 25 or 26. Laying was thus about 14 days after first acceptance. 
On the earlier occasion incubation lasted from October 27 to November 7 
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or 8, an interval of 12 days. Lactation followed and lasted about 4 months (4). 

Ovulation is followed by the folding of the follicular wall, which reduces 
the size of the cavity. This becomes partially filled with extravasated blood. 
The theca externa grows in to form lobule walls, and theca interna cells 
increase in numbers to form syncytial masses. The granulosa cells hyper¬ 
trophy and produce the lutein tissue. The fully formed corpus luteum is 
4.5 mm. X 3.5 mm. in diameter. Retrogression begins shortly before the 
eggs are laid and is accompanied by the invasion of numerous leucocytes. 
The formation of the corpus luteum in this, the most primitive mammal, is 
typical of that of most species (5). 

1. Burrell, H. The Platypus. Sydney, 1927. 

2. Flynn, T. T., and J. P. Hill. TZS., 24: 445-622, 1938-40. 

3. CJaienhy, ]. IF QJMS., 66: 475-496, 1922. 

4. Fdcay, D. Victorian Nat., 61: 8-14, 29-37, 1944-5. 

5. Hill, J. P., and }. B. Gatenby. PZS., 715-763, 1926. 



Marsupialia 


OOME progress has been made in the study of marsupial reproduction, 
chiefly in the family Macropodidae. Outstanding findings have been that 
the gestation period is shorter than the estrous cycle in the unmated female, 
and that development of blastocysts is delayed when young arc in the pouch. 
Associated with short gestation is the apparent hormonic unimportance of 
the corpus luteum. The young are born in a very immature state and further 
development in the pouch tends to be prolonged. But, during lactation, 
blastocysts resulting from matings immediately after parturition remain 
dormant in the uterus for a long period. As there is no true implantation the 
term “delayed development” has been suggested as the appropriate one for 
this phenomenon. 

Many species have a restricted breeding season. Litter size is related in¬ 
versely to body size, with the smaller, rodentlike species having the larger 
litters. The number of young born frequently exceeds the number of teats 
so that considerable wastage exists. Pouch development is mainly under the 
influence of estrogens and, to a lesser extent, of progesterone. More work is 
needed on this problem. 


DIDELPHIDAE 

Philander opossum L. 
WOOLLY OPOSSUM 


The breeding season of this Central American opossum apparently lasts 
from March to August (i), but all the records mention pouch young and 
not uterine young. The number of pouch young varies from 2 to 7, with 5 
by far the most frequent (2-6). 


4 
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The writer has no means of determining whether all the references quoted 
deal with the same animal. The generic name seems to be far more variable 
than the data recorded. 

1. Felten, H. SB., 39: 213-228, 1958. 

2. Murie, A. Univ. Michigan Mus. Zool., Misc. Pub. 26, 1935. 

3. Enders, R. K. Personal communication. 

4. De Avilas Pires, F. D. Mus. Goeldi Hist. Nat., Belem, 19: 1-9, 1958. 

5. Davis, W. B. JM., 25: 370-403, 1944. 

6. Sanderson, I. T. PZS., 119: 755-789, 1949-50. 


Dromiciops australis Philippi 
MOUNTAIN OPOSSUM 


Two to five young arc produced at a birth but there are more fetuses, 
many of which perish before they are born (i, 2). 

1. Mann, G, Invest. Zool. Chilena.s, 2: 159-166, 1955. 

2. Mann, G. Invest. Zool. Chilcnas, 4: 209-213, 1958. 


Marmosa 

MOUSE OPOSSUMS 


Marmosa cinerea Temminck. This opossum has no fixed breeding season 
and new-born young have been found in June, July, August, and October (i). 

M. ekgans Lund. During estrus and pregnancy the bursa ovarii is pulled 
downward and partially closed by the augmented weight of the genital 
tract. The oviduct and mesosalpinx fall over the opening, thus closing it 
altogether. There is no median vagina (2). 

A/, mexicana Merriam. This species probably breeds all year and has 
one litter each year (3). A female with 13 pouch young has been reported 
for June (4), and another with 10 for May (5). 

M, mitrina L. A female with 10 pouch young was found (3). 

1. Goodwin, G. G. AM., 87: 271-474, 1946. 

2. Mann, G. Invest. Z(K) 1 . Chilcnas, 1(3): 11-16, 1951. 
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3. Enders, R. K. HMCZ., 78: 385-502, 1935. 

4. Feltcn, H. SR., 39: 213-228, 1958. 

5. Burt, W. H., and R. A. Stirton. Univ. Michigan Mus. Zool., Misc. Publ. 117, 1961. 


Metachints nudicaudatus Geoffroy 
RAT-TAILED OPOSSUM 


Pouch young (1 and 3) have been recorded in December (i). 
i. Enders, R. K. HMCZ., 78: 385-502, 1935. 


Did dp his marsupiulis L. 

COMMON OPOSSUM, VIRGINIA OPOSSUM 


In Surinam this opossum has no set breeding season. Pouches of almost 
every female taken throughout the year are crammed with young, even 
those of individuals less than half grown (i). Two to three litters a year 
may be the rule, and the number of pouch young is up to 9, or more (2). 
Another record gives two seasons a year, june to July and the end of 
October (3). Counts of pouch young have varied from 2 to 9, the higher 
figures being the more frequent (4, 5). On the Mexican plateau breeding 
ceases in late fall and winter (6). The cycle lasts for about 7 days. The 
heat fieriod, in the absence of the male, is not followed by a corpus lutcum 
but by follicular atresia. (This is contrary to other reports.) The diestrous 
vaginal smear contains mainly leucocytes, which are not altogether absent 
at any time, but at the time of heat cornification of the wall sets in (7). 

The remainder of this report covers the subspecies, D. m. virginiana 
Kerr, in the United States. In Texas the breeding season begins in January 
and lasts into October, with an anestrous period in November and De¬ 
cember. The females arc polyestrous and have at least two litters a year (8). 
In Florida heats begin in mid-January and most litters are born toward 
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the end of that month and until February lo (9). In southwest Georgia 
and northwest Florida one season extends from the second week of January 
to the first week of March and a second from the first week of April to 
the second week of June (10). In central California breeding extends from 
the third week of January to mid-Octobcr, and two litters a year is the 
rule (ii). In Kansas breeding usually begins a little later, in February, with 
litters born mostly in the first half of March. A second season follows, with 
the young born mostly in the first half of June, but these young have 
difficulty in surviving the winter (12). In central Missouri breeding begins 
at about the same time as it does in Kansas and it is over by the beginning 
of September (13). In New York there are two well-defined seasons, the 
first from late January to mid-March and the second from mid-May to 
early July (14). The breeding season appears to be uniform throughout the 
range. 

I he entire population, including a majority of those less than a year 
old, take part in the first breeding season of the year (12). They are capable 
of breeding at the beginning of the following season regardless of their 
size at that time. This means an age at puberty of about 6 months for the 
females, but the males do not breed until they are about 8 months old (ii). 

The cycle recurs at about 28-day intervals and heat lasts from i to 2 
days (15). Examination of vaginal smears gives an average cycle of 29.5 
days, with a range of 22 to 38 days. Heat lasted a maximum of 36 hours 
but fertile matings took place only during the first 12 (ii). Ovulation 
is spontaneous (16) and probably occurs early in heat (15), a fact that 
would account for the limited duration of fertility. Matings are mostly 
before 11 a.m. and usually before 7 a.m. (17). The average number of eggs 
shed is 22, and if one ovary is removed the remaining ovary sheds a larger 
number (16). The number of young is usually represented by counts of the 
pouch young so that the figures include survivors of various ages. Different 
reports give the following figures: 6.26 (n --50) (9); 7.1 ±: .18 (10); 7.2, 
range 4 to ii (11); 8.9, mode 8, range 5 to 13 (n ^2) (13); 8.7, mode 
9, which includes 22 per cent of all litters (14). In the last of these reports 
the proportion of males was 51.6 per cent. 

The ova pass through the oviducts in 24 hours or a little less (t6). The 
gestation period is about 12.5 days and the young are born very immature 
(16). Two observed periods lasted 12 days, 20.5 hours and 13 days, 4.5 
hours respectively. A new heat period follows birth of the earlier litter of 
the year by an average of 97 days (ii)* No ovulations occur during lacta¬ 
tion, which lasts for 70 to 80 days (17). 
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HISTOLOGY OF THE FEMALE TRACT 

OVARIES. During anestrum the ovaries are very small and are packed 
with follicles, mostly in a state of atresia. No corpora lutea are present at 
this time. The corpus luteum reaches full size by 3 days after ovulation. 
It is maintained for 7 to 8 days, then it becomes a dirty yellow because of 
its lessened vascularity, and by 20 days it has almost disappeared (15). Six 
per cent of opossums have accessory ovarian tissue as stalked outgrowths 
from the ovaries (18). The ovaries are unique in the frequency of poly¬ 
nuclear ova, found in 93 per cent, and of polyovular follicles, found in 
60 per cent of the ovaries studied (19). The ova are slightly elliptical and 
measure 0.165 X 0.135 (^7)* 

VAGINA. The vulva is within the rim of the cloacal aperture. There are 
a blind media vaginal canal and lateral ones shaped like interrogation marks. 
Spermatozoa travel up the lateral canals, and birth is by a temporary con¬ 
nection between the uterus and the median canal (16). The latter is lined 
during anestrum with an epithelium, 5 to 6 cells deep, of low columnar 
cells becoming flat next to the lumen. At proestrum this epithelium grows to 
12 to 15 cells deep. Mitoses are abundant and no leucocytes are present. 
The vaginal smear consists mainly of large nucleated cells. At heat cornifi- 
cation sets in, with massive desquamation late in the period. There are no 
epithelial cells or leucocytes in the estrous smear, only cornified cells. Dur¬ 
ing metestrum leucocytes invade the epithelium and appear in the smear. 
By 4 to 5 days epithelial cells have reappeared, and the smear also con¬ 
tains an occasional leucocyte as well as vacuolated epithelial cells. The 
lateral canals do not open until puberty. Sloughing in these organs is a 
more continuous process than it is in the median canal and is not limited 
to the end of heat. Cornification begins a little earlier; few leucocytes ap¬ 
pear and most of the removal of debris is done by bacterial decomposi¬ 
tion (15). During heat these canals are greatly distended by clear, thin, 
stringy mucus; just after heat they retrogress and are filled with a dry, 
cheesy mass of cell debris (16). 

UTERUS. During proestrum the uteri are large, vascular, and turgid. 
After ovulation they swell and reach their maximum size at 5 to 6 days, 
while they are reduced by 13 to 15 days. In anestrum the glands are straight 
or slightly coiled, and the uterine epithelium is low-columnar or cuboidal. 
During heat the endometrium is more vascular and is edematous. Mitoses 
are present in the epithelium, which tends to become pseudostratified. The 
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glands contain ciliated epithelium. In heat the glands are greatly coiled, 
their lumens are enlarged, and the epithelium is actively growing and is 
pseudostratified. During the lutein phase conditions are much the same, but 
there are fewer mitoses in the glands and the epithelial nuclei are basal. In 
later stages the capillaries are exceptionally large. At 15 days the endo¬ 
metrium is invaded by leucocytes, and by 20 days the uterus has returned 
to the resting stage (15). 

The tubo-uterine junction has no folds of mucous membrane but is pro¬ 
tected by a sphincter. The last 3 to 4 cm. of the tube contain numerous 
glands, and the lumen is much wider than it is in the Eutheria. This portion 
is extremely tortuous, and it enters the uterus at the side, opposite the mesen¬ 
tery (20). 


PHYSIOLOGY OF THE FEMALE TRACT 

Ovariectomy is always followed by the death of the embryos because of 
the collapse of the central layer of the endometrium (21). 

The ovaries may be stimulated to secrete estrogens by the injection of 
P.M.S., if this is done from too days of age onward. Before this age the 
response given is the precocious conversion of embryonic egg nests to 
primordial follicles (22). 


THE MALE 

Spermatozoa are present in the testes of males at all times of the year (8). 
The testes increase in size from the age of 16 days to 60 days, then more 
slowly from (S^ days to maturity. The seminiferous tubules are quiescent to 
day 100. Spermatozoa are present by 8 months, and androgens are secreted 
by 5 months. (23). A vaginal plug is formed at copulation and it lasts 
for less than 24 hours (17). 

Castration at 22 days of age is followed by typical prostate differentiation 
(24), and the same is true for Cowper’s glands and Bartholin’s glands, at 
least for the first hundred days (25), but sex hormones do stimulate growth 
and histological differentiation (26). Young males treated with P.M.S. secrete 
androgens by the seventieth day of life or a little earlier (22). 

As the young are born in a very immature condition, they afford a good 
opportunity to test the action of androgens and estrogens during what, in 
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Other species, is embryonic and fetal life. Androgens only mildly stimulate 
the Wolffian ducts in males, but in females the effect is greater and the 
ducts are preserved in an atypical manner. The effect on the Mullerian ducts 
is slight in the male, but extreme stimulation results in the female. Cessation 
of treatment is not readily followed by involution. The development of 
the prostate in males is markedly hastened and it is stimulated in the female, 
but there is little effect upon the testes and ovaries. Phallic stimulation is 
marked in both sexes, and the clitoris becomes a typical penis with a bifurcate 
glans (27). 

Estrogens are decidedly toxic. The Wolffian ducts are stimulated in both 
sexes, more so in the male than in the female. There is localized stimulation 
of the Mullerian duct in the male. In the female it is precociously stimulated, 
with glandular development. Tremendous hyperplasia of the urogenital sinus 
occurs in both sexes with metaplasia and sloughing of cornified cells. There 
is no appreciable effect upon the testes or ovaries. Prostate development does 
not occur in males, but previously formed prostaiic outgrowths grow to 
enormous proportions (27). 

1. Sanderson, I. T. PZS., iig: 755-7B9, 1949-50. 

2. Goodwin, G. G. AM., 87: 271-474, 1946. 

3. Hill, J. P. QJMS., 63: 91-139, 1918. 

4. Feltcn, H. SB., 39: 213-228, 1958. 

5. Enders, R. K. HMCZ., 78; 385-502, 1935. 

6. Dalquist, W. W. Mammals of the Mexican State of San Luis Potosi. Louisiana 
State University Press, 1953. 

7. Martinez-Esteve, P. CRSB., 124: 502-504, 1937. 
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16. Hartman, C. G, Smithsonian Rep., 347-363, 1921. 

17. McCracly, Jr., E. Am Anat. Mem., No. 16: 1938. 

18. Hartman, C. G. CE., 380: 285-300, 1927. 

19. Hartman, C. G. AJA., 37: 1-51, 1926. 

20. Andersen, D. H. AJA., 42: 255-305,1928. 

21. Hartman, C. G. AJP., 71: 436-454, 1925. 
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Dtdelphts paraguayensts Oken. In the Matto Grosso this opossum has 
been recorded with 10 and 7 well-developed pouch young in September (i). 

I. Kiililhorn, F*. Saugetierk Mitt., i: 115-122, 1953. 


Chironectes 

WATER OPOSSUMS 


Chironectes minimus Zimmermann. The young of this opossum are 
born in December and January (j). 

C. panamensts Goldman. The male of this species has a pouch (2). 

1. Cabrern, A., and J. Yepes. Hisioria Natural Ediar. Mamiferos Sud-Ainericanos. 
Buenos Aires, 1940. 

2. Enders, R. K. HMCZ., 78: 385-502, 1935. 


DASYURIDAE 

PHASCOGALINAE 

P fiasco gale {Antechinus) flavipes Waterhouse 
MARSUPIAL MOUSE 


This marsupial mouse reaches puberty at about 320 days, i.e., in its first 
season after birth. Reproduction is restricted to early August and the young 
are born early in September after a gestation lasting 31.5 days (range 30 to 
33). Heat lasts for about 4.3 days (range 2 to 7) and mating is prolonged, 
lasting 5 hours (t). The females are apparently monestrous (2). The aver¬ 
age litter size is 6.8 (range 3 to 8) (i), but actual births of 8, 10, ii, and 12 
have been recorded (3). 
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The pouch develops about i6 days before parturition and the young arc 
suckled for 90 days. The pouch retrogresses about 35 days after the young 
have been weaned. 

1. Marlow, B. J. Australian J. ZooL, 9: 203-218, 1961. 

2. Marlow, B. J. In Sharman, G. B., Monogr. Biol., 8: 332-368, 1959. 

3. Fleay, D. Victorian Nat., 65: 273-277, 1948-9. 


Phascogale tapoatafa Meyer 
MARSUPIAL RAT 

The pouch area develops in May and the young are born early in July. 
The young are free at g weeks. In one instance 3 were born, in another, 4, 
but a wild female has been recorded as probably bearing 8 young, judging 
by the condition of the teats (1). 

I. Fleay, D. Victorian Nat., 51: 89-100, 1934-5. 

Phascogale {Antechinus) apicalis Gray. There is a record of a female 
with 7 young attached to her teats (i). 

P. (^.) maculatus Gould. A record of the pigmy pouched mouse from 
the Cape York Peninsula gives a female with 5 pouch young in March (2). 

P. {Planigale) ingrarni Thomas. This species has a season limited to the 
wet period. Litters of 8 and 12 have been recorded (3). 

1. Troughton, E. Furred Animals of Australia. New York, 1947. 

2. Marlow, H. J. JM., 43: 433-434, 1062. 

3. Davies, S. J. J. F. J. Roy. Soc., Western Australia, 43: 63-66, i960. 


Dasycerciis eristic an da Krefft 


This pouched mouse breeds from June to September and 7 young are 
usually born at a time. The female has practically no pouch; the young 
cling to her nipples for considerably over a month, and she staggers round 
with this burden (i). The gestation period lasts 29 to 31 days and the young 
remain attached to the teats for about 58 days (2). 
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1. Woodjones, F. The Mammals of South Australia. Adelaide, 1923-4. 

2 . Flcay, D. Victorian Nat., 78: 160-167, 1961. 


Sminthopsis crassicaudata Gould 


This pouched mouse breeds in June and July and gives birth to 6 young 
at a time (i). 

I. Wood-Jones, F. The Mammals of South Australia. Adelaide, 1923-4. 


Antechinomys laniger Gould 
JERBOA POUCHED MOUSE 


The jerboa pouched mouse has a litter of 6 to 8 young at a time (i). 

1. Lucas, A. H. S., and W. H. D. Le Souef. The Animals of Australia. Melbourne, 
1909. 


DASYURINAE 
Dasyurus viverrinus Shaw 
MARSUPIAL CAT 


The marsupial cat is monestrous and has one season a year, from late 
May or early June to early August, but the male docs not appear to have a 
corresponding rutting season. Proestrum lasts 4 to 12 days and heat i to 2 
days. Ovulation is spontaneous, and it occurs about 5 days after copulation 
or heat. The duration of pregnancy is therefore rather difficult to determine, 
but it probably lasts 8 to 14 days. In its absence pseudopregnancy ensues (i). 
The number of eggs shed varies from 20 to 35 with 20 to 25 as the usual 
number (2). The number of embryos is correspondingly high, and as the 
number of nipples in the pouch is usually six a considerable wastage of 
embryos results (i). The young remain attached in the pouch for 7 to 8 
weeks (3). The diameter of the egg averages 0.24 mm. (2). 
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The ripe graafian follicles are borne on projecting bosses, and when they 
rupture they decrease in size. There is but little intrafollicular hemorrhage. 
The corpora lutea grow in 3 days, are yellowish white, and persist for the 
greater part of lactation, about 7 to 8 weeks, after which they decline (3). 
It is practically impossible to distinguish two thecal layers, the whole struc- 
ture resembling theca externa. There are no mitoses in the developing corpus 
lutcum, and the theca produces connective tissue only (4). 

Proestrum is marked by an edematous swelling of the lips of the cloacal 
aperture, and the pouch enlarges somewhat and becomes tumid as the result 
of the enlargement of the sebaceous glands in this area. The sweat glands 
enlarge and coil, causing the interior of the pouch to become moist and 
somewhat sticky. The uteri enlarge, vascularity increases, and the glands 
are coiled in the basal portions of the endometrium. The uterine epithelium 
is low-columnar and is in a state of active mitosis. Leucocytes are abun¬ 
dant (i). 

The changes during heat are a continuation of those observed in proestrum. 
The glandular epithelium is ciliated throughout. In the postestrous period, 
between heat and ovulation, the uterine condition is maintained, but the 
cloacal swelling gradually subsides. The first polar body is extruded while 
the egg is still in the ovary (i). 

In pseudopregnancy the pouch continues to enlarge, and the development 
of the sweat and sebaceous glands reaches the level observed during preg¬ 
nancy. Toward the end of the period the female often cleans out the pouch 
in the manner of the pregnant animal, as a preparation for the reception 
of the young. The uterine glands become very contorted and enlarged, so 
that the condition resembles the extreme lutein reaction observed in rabbits 
during pseudopregnancy. The epithelium is tall-columnar. At the end of the 
period much cellular desquamation into the gland ducts occurs, and the 
uterine epithelium undergoes the same change. Leucocytes are abundant 
but there is no extravasation of blood. The duration of pseudopregnancy is 
probably about two weeks (i). 

Copulation is very prolonged, up to about two hours, and spermatozoa 
remain alive in the oviducts for about 2 weeks, an unusually long time 
which is probably related to the delayed ovulation in this species (i). 

The long median vagina, which opens at the time of parturition, closes 
rapidly afterwards (5). 

1. Hill, J. P., and C. H. O’Donoghue. QJMS., 59: 133-174, 1913. 

2. Hill, J. P. QJMS., 56: 1-134, 1910-11. 

3. Sanders, F. P. Proc. Linn. Soc., New South Wales, 28; 364-405, 1903. 
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4. O’Donoghue, C. H. Anat. Anz., 41: 353-368, 1912. 

5. Hill, J. P. Anat. Anz., 18: 364-373, 1900. 

Dasyurtis qiioll Zimmermann. The single breeding season a year lasts 
from the end of May to the first fortnight of August (l). 

D. (Dasyurtniis) geofjroyi Gould. This species is recorded as having 6 
pouch young (2). 

D. (Dasyurops) maculatus Kerr. Females of this species mate in mid- 
June and July, when the pouch develops. The gestation period lasts for 3 
weeks (3), and the number of young is from 4 to 6 (4). 

D. {Satanellus) hallitcatus Gould. Findings include a September record 
of two females, one with S young attached and one with 4 (5), also two of 
8 each for the same month. In the latter the pouch young were about 
one month old (6). 

1. Hill, I. P., and C. H. O’Donoghue. QJMS., 59: 133-174, 1913. 

2. Lucas, A. H. S., and W. H. D. la Souef. 7 ’he Animals of Australia. Melbourne, 
i(K)9- 

3. Fleay, D. Victorian Nat., 56; 159-163, 1939-40. 

4. Troughton, F. Furred Animals of Australia. New York, 1947. 

5. Tate, G. H. H. AM., 102: 199-203, 1953. 

6. Fleay, D. Victorian Nat., 78: 288-293, 1962. 


Sarcophilus harrisi Boitard 
TASMANIAN DEVIL 


One female has been recorded as mating in May. The pouch develops 
in April and the young are born in June and July. They are free from 
the pouch in slightly over 15 weeks. The first breeding is usually in their 
second season and the number of young born is from 3^4(1). The gesta¬ 
tion period lasts 31 days (2). One specimen is recorded with 21 newly dis¬ 
charged ova (3). In June spermatogonial mitoses were plentiful but furtlier 
stages of spermatogenesis and mature spermatozoa were absent (4). 

1. Fleay, D. Victorian Nat., 62: 100-105, 1935-6. 

2. Kenneth, W. H. Gestation Periods. Edinburgh, 1943. 

3. Flynn, T. T. Ann. Mag. Nat. Hist., 9(10): 225-231, 1922. 

4. Sharman, G. B. Monogr. Biol., 8: 332-368, 1959. 
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THYLACININAE 
Thylacinus cynocephalus Harris 
TASMANIAN WOLF 


Some females breed at any time of the year but most pups are born in 
May and from July to August. This suggests an extended season of about 
4 months with two periods of activity separated by 2 months (1). 

r. Guiler, E. R. JM., 42: 396-397, 1961. 


MYRMECOBIINAE 
Myrwecobitis jasciatus Waterhouse 
NUMBAT 


This marsupial anteater mates from late midsummer to early autumn, 

i.e., from December to April. The young are usually born in summer, 
autumn, or early winter, from January to April or May. They are carried 
by the mother, who has no pouch, through the winter (i) and are de¬ 
tached from the teats in late August or September (2). The usual number 
of young is 4, but counts have varied from 2 to 4 (i). 

In Western Australia dividing spermatogonia were present in the testes 
in September, but further stages of spermatogenesis and mature spermatozoa 
were absent (3). 

1. Calabay, J. H. PZS., 135: 183-207, i960. 

2. Calabay, J. H. Australian Mus. Mag., 13; 145-146, i960. 

3. Sharman, G. B. Monogr. Biol., 8: 332-368, 1959. 
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PERAMELIDAE 

Perarneles nasuta Geoflfroy 
BANDICOOT 


Two well-grown pouch young have been reported in September (i). 
The male has no vcsiculae seminales and no ampulla to the vas deferens. 
Spermatozoa can be found in the urine (2). Electron microscopy of the 
spermatozoon has shown that the tail has two groups of fibrils. One 
consists of a complex axial filament and the other of peripheral fibrils (3). 

1. Tate, G. H. H. AM., 102: 199-205, 1953. 

2. Holliger, A., and A. L. Carrodus. Med. ). Australia, 25: 1118-1119, 1938. 

3. (deland, K. W., and Lord Rothschild. PRS., 150B: 24-42, 1959. 

Perarneles eremiana Spencer. This species usually has 2 young at a 
time (i). 

P. jasciata Gray. The females usually have 2 to 4 young (i). 

P. myosura Wagner. The marl breeds in May or June and usually gives 
birth to 2 young, but occasionally to 3 (i). 

1. Troughton, E. The Furred Animals of Australia. New York, 1947. 

Thylaconiys leuciirus Thomas 
BILBY 


The bilby breeds from March to May but in the central area of South 
Australia rain and food supply regulate the breeding season. The number 
of young is i or 2 (i). 

1. Wood-^ones, F. The Mammals of South Australia. Adelaide, 1924. 


Chaeropus castanotis Ogilby 

This bandicoot breeds in May and usually has 2 young (i). 
1. Wood-Jones, F. The Mammals of South Australia. Adelaide, 1924. 
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Thy lads (Isoodon) macrourus Gould 


This bandicoot is polyestrous and breeds all the year round. The fe¬ 
males reach puberty when they are half grown, i.e., in their first year. 
The gestation period is less than 15 days, and up to 7 young may be 
born at a time. They remain attached to the teats for 7 weeks and continue 
to suckle for 10 days longer. One female produced 8 litters, at least 32 
young, in 17 months (i). 

I. Mackerras, M. J., and R. H. Smith. Australian J. Zool., 8: 371-382, i960. 

Thylads {Isoodon) ohesuliis Shaw and Nodder. This bandicoot breeds 
in June and usually has 4 young at a birth (1). Another report gives 2 
as the usual number, but occasionally up to 4 or 5 (2). 

1. Wood-Jones, F. The Mammals of South Australia. Adelaide, 1924. 

2. Raymcnt, F. Victorian Nat., 70: 194-196, 1953-4. 


PHALANGERIDAE 

PHALANGERINAE 
Phalanger orientalis Pallas 
GRAY CUSCUS 


A female with i young has been found in June (i). 
I. Tate, G. H. H. AM., 102: 199-203, 1953. 


Trichosurus vulpecula Kerr 
BRUSH-TAIL POSSUM 


The possum has two main breeding seasons in the year, in March and in 
August (i), but most births occur in the autumn (April) season (2). Some 
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females that have bred in the first season breed again in the later one (3). 
In the Adelaide area of South Australia births have been recorded for all 
months of the year except January and February, but most are in March 
and April (4). In New Zealand, where the species was introduced and 
now flourishes, the same pattern is evident but some reproduction is found 
all the year round (5). In the London zoo a total of 60 births were scat¬ 
tered throughout the year (6). 

The time of first breeding in the females is at 250-300 days old and 
1,700 g. weight (2). They are polyestrous, and ovulation is spontaneous. 
The estrous cycle varies in length from 22 to 58 days, but all cycles longer 
than 32 days began between April 20 and June 16. During the rest of the 
breeding periods the cycle lengths lay between 22 and 32 days, with a 
mean of 25.7 it .3 days (3). 

The gestation period lasts for 17.5 days and the number of young is 
usually I (3). In New Zealand 90.3 per cent of those examined had i 
young, 0.2 per cent had twins while 9.5 per cent were not pregnant (5). 
In the London zoo 6 sets of twins and i of triplets were found in the 60 
births (6). Lactation inhibits estrous cycles and the females come in 
heat at an average of S.o ±: .2 days after the suckling young are removed 
from the pouch (3). In the full-grown nullipara the pouch develops in 
January and February (7). 


HISTOLOGY OF THE FEMALE TRACT 

The ripe graafian follicle is 3 mm. in diameter. During formation of the 
corpus lutcum theca mitoses and possibly granulosa mitoses may be found 
but no cells divide by mitosis after the fourth day. The corpus lutcum reaches 
its maximum size of 4.1 mm. at 7 to 10 days after ovulation (3). 

Epithelial cells are present in the vaginal smear at all times but they 
arc fewest from 5 days after heat to 2 days before it. Occasional leucocytes 
are present during proestrum but they disappear entirely during heat. A 
few are present on the day after heat and they become abundant from the 
second to the fifth day. At no time is there much difference in the proportion 
of epithelial and cornified cells. During proestrum the vaginal epithelium 
consists of 2 or 3 layers of cells and some are cornified. At the time of heat 
the layers increase to 3-6, and the cornified cells are sloughing off (3). 

At estrus the endometrium is edematous and the median vagina is dis¬ 
tended with fluid (5). The luteal, glandular phase reaches its maximum 
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at 7 to 8 days after heat and, in both the gravid and the nongravid uterus, 
it is over after the fifteenth day. During gestation the gravid uterus is much 
larger than the nongravid one. This phase lasts from i2 days after heat 
until after parturition. In the uterine epithelium mitoses are present until 
5 days after heat. During the luteal phase no basophil granules are found 
in the cells at the periphery of the glands but they are present in those near 
the lumen (3). 

The median vaginal passage opens for birth of the young through it; 
about 7 days later it closes. A hormonal influence is believed to control 
this (5). 

The level of pregnanediol excretion in the urine is the same in pregnant 
and nonpregnant females (3). 

One injection of 900 I.U. of estrone into the immature female caused the 
characteristic yellowish-brown discoloration of the pouch area. The latter is 
increased in size. In the nonbreeding adult 900 I.U. had no effect, but 12,000 
I.U. caused pigment development (7). The injection of 5,000 to 50,000 I.U. 
of estrogen into mature females caused the pouch to thicken and pigment to 
be secreted. The median vagina swelled, and its epithelium was keratinized. 
In parous females 200 I.U. of estrogen caused the {)ouch pigment to de¬ 
velop (i). 

In pouch young, 3 months old, the injection of 2 mg. of progesterone once 
a week caused the pouch rudimenta to increase in size and orange-brown 
pigment to be secreted, but retrogression set in after 3 months in spite of 
continued injections. Complete pouch formation did not result as it did if 
estrogens were injected. In nulliparous females the injection of 2 to 5 mg. 
of progesterone weekly caused the pouch to retrogress to such an extent that 
it practically disappeared. Similar injections of 5 mg. of progesterone weekly 
into a multiparous opossum with a large pouch caused it to retrogress in 
3 weeks (8). The injection of progesterone into immature males caused the 
testes to ascend (9). 


THE MALE 

The male has no seminal vesicles or ampulla to the vas deferens, and 
spermatozoa may be found in the urine (10). They are fertile all year 
round (5) and the testis size does not undergo a seasonal variation (2). 
Estrogen given to a castrated, adolescent male transformed the scrotum into 
a permanent pouch. This did not happen in the full-grown male, nor did 
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castration bring it about. The injection of gonadotrophic hormones hindered 
the change. Injected testosterone caused retrogression of the pouch that had 
been formed (ii). 

1. Bolliger, A., and A. L. Carrodiis. J. Roy. Soc., New South Wales, 73: 218-227, 1940. 

2. Dunnet, G. M. CSIRO. (Australia) Wildlife Res., i: i~i8, 1956. 

3. Pilton, P. E., and G. B, Sharrnan. JE., 25: 119-136, 1962. 

4. Sharrnan, G. B. Monogr. Biol., 8: 332-368, 1959. 

5. TyndalC'Briscoe, C. H. Australian }. ZooL, 3: 162-184, 1955. 

6. Zuckerman, S. PZS., 122; 827-950, 1952-3. 

7. Bolliger, A., and A. L. Carrodus. J. Roy. Soc., New South Wales, 71: 615-622, 
1938. 

8. Bolliger, A., and A. L. Carrodus. }. Roy. Soc., New South Wales, 73: 228-232, 
1940. 

9. Bolliger, A., and A. L. Carrodus. Nature, 144: 671, 1939. 

10. Bolliger, A., and A. L. Carrodus. Med. J., Australia, 25: ii 18-1119, 1938. 

11. Bolliger, A., and A. J. Tow. JE., 5: 32-41, 1947. 

Trichositriis caninits Ogilby. In Victoria one young is born in May or 
June. This remains attached in the pouch for 6 weeks and finally leaves it 
at 4 months of age (1). 

1. Flcay, D. Nat. Hist. (New York), 59: 352-355, 1950. 


Aero bates pygmaeus Shaw 
PIGMY GLIDER 

Usually young numbering more than 4, which is the number of teats, 
arc born at a time (1). 

1. Troughton, E. Furred Animals of Australia. New York, 1947. 


Cercaertus concinnus Gould 
MUNDARDA 


This marsupial is probably polyestrous, as pouch young have been re¬ 
corded for January (i), March (2), July, and September. The number 
varies from i to 6, with 5 as the average (3). 
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1. Wood-Joncs, F. The Mammals of South Australia. Adelaide, 1924. 

2. Glauert, L. Western Australian Nat., 2: 54-57, 1949-51. 

3. Troughton, E. Furred Animals of Australia. New York, 1947* 


Petatiriis hreviceps Waterhouse 
SUGAR GLIDER 


The young, usually 2, arc born in July (i),but later as one travels north 
from South Australia (2). Another account mentions two females each 
with 2 pouch young found in May (3), while in the London zoo 22 
births have been spread throughout the year and almost every other birth 
was of twins (4). 

1. Fleay, D. Victorian Nat., 49: 97-101, 1932-3. 

2. Troughton, E. Furred Animals of Australia. New York, 1947. 

3. Tate, G. H. H. AM., 102: 199-203, 1953. 

4. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Petaunts schtreus Shaw 
GLIDER 


In the London zoo 15 births were spread throughout the year and almost 
every other birth was of twins (i). The subspecies, P, s. norj ole crisis Kerr, 
has no fixed season; 2 young are the rule and the gestation period lasts for 
3 weeks (2). 

1. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

2. Fleay, D. Victorian Nat., 70: 208-210, 1953-4. 


Spiloctisctis nudicaudatiis Gould 
CUSCUS 


This species has 2 to 4 young at a birth (i). 

I. Troughton, E. Furred Animals of Australia. New York, 1947. 
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TARSIPEDINAE 
Tursipes spenserae Gray 
NOOLBENGER, HONEY POSSUM 

This species has i to 4 young at a time (i). 

I. Troughton, E. Furred Animals of Australia. New York, 1947. 


PHASCOLARCTINAE 
Phascolarctos cinereus Goldfuss 
KOALA 


The koala is moncstrous (i) and it mates from September to late Janu¬ 
ary (2, 3). It usually breeds every other year (3). The gestation period lasts 
for about 35 days and i )'oung is the rule (2). In the San Diego zoo i 
young was born in mid-May alter a gestation of between 25 and 30 days. It 
remained attached to the teats lor 5* 2 months and was finally weaned at 
about 10 months (4). Another San Diego record gives a new pouch young 
in September (5). Accc^rding to one report, however, corpora lutea of 
various ages are [^resent in the ovary at one time, thus indicating that the 
ieinale is ptjlyestrous ((>). 

1. Lewis, F. Victorian Nat., 51; 73-76, i 934 ~ 5 - 

2. 'iVoughlon, H. Ausiralian Mus. Mag., ii: 396-401, 1955. 

3. Trougluon, L. Furred Anim.ds of Ausiralia. New York, 1947. 

4. Lourncllc, G. IF IM., 42: 396, 1961. 

5. Pournclle, CL FI. Inter Zoo ^'car liook, 2: 83, i960. 

9 . O'Dunogliuc, C. Fi. (^JMS., 6i: 433-473, 1916. 


Pseud ache inis 

RING-TAILED POSSUMS 


Pseudocheirus convolutor Oken. In Tasmania the testes are shrunken 
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and spermatogenesis is absent during January (i). Two females are recorded 
with 2 very small pouch embryos (2). 

P. coo\i Desmerest. This species breeds from May to August. Usually 
6 young are born but there are only 3 functional teats. Identical twins are 
produced occasionally (3). 

P. laniginostis Gould. The pouch develops in April and May and the 
young, 2 or 3, are born from May to July. They are free in 6 to 7 weeks and 
finally leave the pouch in about 12 weeks (4). 

P. peregrinus Boddaert. Records have been given of two females with 2 
young each and with i each in August, and also of two with 1 each in 
October (5). The species is polyestrous (i). 

1. Sharman, G. B. Monogr. Biol., 8: 332-368, 1959. 

2. Pearson, J., and J. M. De Bavay. Australian J. Zool., 7: 13-21, 1959. 

3. Flynn, T. T. Ann. Mag. Nat. Hist., 9(10): 225-231, 1922. 

4. Fleay, D. Victorian Nat., 44: 279-282, 1927-8. 

5. Tate, G. H. H. AM., 102: 199-203, 1953. 


Schoinobates volans Kerr 
GLIDER-POSSUM 


One young is born in July or August. It is free from the teat at 6 weeks 
of age and leaves the pouch in 4 months (i). 

I. Fleay, D. Victorian Nat., 50: 135-142, 1933-4. 


PHASCOLOMIDAE 

Phascolomis {Vombatus) 
WOMBATS 


Phascolomis hirstilus Perry. This wombat breeds from April to June and 
the young are carried in the pouch until December (i). 

P. mitchelli Owen. A July birth has been recorded in the London zoo (2). 
P. ursinus Shaw. This species breeds all year round and has a single 
young (3). 
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r. Troughton, E. Furred Animals of Australia. New York, 1947. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Weindorfer, G., and G. Francis. Victorian Nat., 36: 165,1919-20. 


Lasiorhinus latifrons Owen 

In South Australia this wombat appears to breed early in the summer (i). 
I. Sharman, G. B. Monogr. Biol., 8: 332-368, 1959. 


MACROPODIDAE 

MACROPODINAE 

Lagorchestes fusciatus Peron and Le Sueur 
HARE WALLABY 


This wallaby has i young at a time (i). 

1. Troughton, E. Furred Animals of Australia. New York, 1947. 


Petrogale 

ROCK WALLABY 


Petrogale inornata Gould. A female with i pouch young in September 
has been recorded (i). 

P. pearsoni Thomas. The young leaves the pouch in November or De¬ 
cember (2). 

P. penicillata Griffith, Smith and Pidgeon. In the London zoo this wallaby 
has bred all the year, producing i young at a time (3). 

P. xanthopus Gray. In the London zoo this wallaby has bred all the 
year and 2 sets of twins have been observed in 36 births (3). 

I. Tate, G. H. H. AM., 102: 199-203, 1953. 
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2. Woocl-Joncs, F. The Mammals of South Australia. Adelaide, 1924. 

3. Zuckcrman, S. PZS., 122: 827-950, 1952-3. 


Onychogalea frenata Gould 
NAIL-TAILED WALLABY 


A single record is available from the London zoo of i young born in 
September (i). 

I. Zuckcrman, S. PZS., 122: 827-950, 1952-3. 


Thylogale 

TAMMAR 


Thylogale billardierii Desmarest. In the London zoo this wallaby has 
produced young in January, February (twice), and July; i young at a 
birth (i). 

T. eugenii Desmarest. The anterior vaginal canals arc greatly hyper¬ 
trophied at the time of heat. One egg is fertilized and delayed development 
is the rule while the female is lactating. The species is polyestrous (2). In 
the London zoo births have occurred from April to October. One set of 
twins was observed in 14 births (i). 

T. stigmatica Gould. Records of single pouch young have been obtained 
in April and May on four occasions, and i each in /une, July, and 
September (3). 

T. thetis Lesson. The pademelon has produced young once in the London 
zoo, in September (i). Embryo development is delayed during lactation (4). 

1. Zuckcrman, S. PZS., 122: 827-950, 1952-3. 

2. Sharman, G. B. Australian f. Zool., 3: 156-161, 1955. 

3. Tate, G. H. H. AM., 102: 199-203, 1953. 

4. Pilton, P. E. Nature, 189: 984-985, 1961. 



MARSUPIALIA 


^7 


Protemnodon (Wallabia) rufogrisea Desmarest 
BRUSH WALLABY 

In Tasmania this wallaby breeds from October to November and i, ex¬ 
tremely rarely 2, pouch young may be found in March and April (i). The 
breeding season has also been recorded as occurring from August to Sep¬ 
tember and from December to February (2). In the London zoo it has 
bred all the year round. In 51 births 6 sets of twins and 1 of triplets were 
recorded (3). The gestation period lasts for 40 days (3). 

1. Weindorfer, G., and G. Francis. Victorian Nat., 37: 5-8, 1920-21. 

2. Hill, J. P. QJMS., 63: 91-139, 1918. 

3. Ziickernian, S., PZS., 122: 827-950, 1952-3. 


Protemnodon cigilis Gould. In each of two females i pouch young was 
found, I in July and i in August (i). 

P, bicolor Desmarest. The black wallaby breeds all the year in the London 
zoo. One set of twins was recorded in 7 births (2). 

P. cangura Muller. One female has been recorded with i young in Septem¬ 
ber (i), and breeding has also been recorded in December (3). 

P. dorsalis Gray. In the London zoo this wallaby breeds all the year. 
One young is born at a time (2). The presence of corpora lutea of different 
ages in the ovary at one time indicates that the species is polyestrous (4). 

P. elcgans Lambert. In the London zoo there has been one record of a 
single birth in September (2). In its native habitat there is no well-defined 
breeding season (5). 

1. Talc, G. H. H. AM., 102: 199-203, 1953. 

2. Zuckerman, S. PZS., 122; 827-950, 1952-3. 

3. Caldwell, H. W. TRS., 178B; 463-4«6, 1887. 

4. O’Donoghue, C. H. QJMS., 6i: 433 - 473 » 

5. Troughtun, E. Furred Animals of Australia. New York, 1947. 


Macro pus major Shaw 
GRAY KANGAROO 


In Australia the breeding season is from early September to early January 
(i). In the London zoo the species breeds all the year round. One young 
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at a time is the rule; twins are rare (2). The females are polyestrous. The 
gestation period lasts for 38 or 39 days. The corpus luteum of pregnancy 
has become reduced in size by March and has disappeared by August. 
Delayed development is not a feature of this species (i) as it only breeds 
once a year (3). 

1. Pi I ton, P. E. Nature, 189: 984-985, 1961. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Wood-Joncs, F. The Mammals of South Australia. Adelaide, 1924. 


Macro pus rufus Desmarest 
RED KANGAROO 


In its native habitat this kangaroo has been recorded with newborn young 
in all months of the year (i). In the London zoo it also breeds all the 
year round and a single young is born (2). The gestation period lasts for 
32 to 34 days (3). Delayed development of the embryos while young are 
in the pouch is probable (4). 


1. Sharman, G. B. Monogr. Biol., 8: 332-368, 1959. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Sharman, G. B., and P. E. Pilton. PZS., 142: 29-48, 1964. 

4. Sadlicr, R. M., and J. W. Shield. Nature, 185: 335, i960. 


Macropus (Osphranter) rohustus Gould 

WALLAROO 


In the London zoo the wallaroo breeds all the year and has i young (i). 
Delayed development during lactation is usual (2). In a single specimen 
the testes weighed 5.8 g. and the seminiferous tubules were 301 m. long. 
The length of a spermatozoon was 49.4 ju, (3). 

r. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

2. Sadlicr, R. M., and J. W. Shield. PZS., 135: 642-643, i960. 

3. Knepp, T. H. Proc. Pennsylvania Acad. Sci., 12: 61-64, 
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Macropus fultgtnosus Desmarest. The sooty kangaroo breeds once a year. 
The single young is born in January and it remains in the pouch until 
October (i). 

I. Wood-Jones, F. The Mammals of South Australia. Adelaide, 1924. 


Setonix brachyurus Quoy and Gaimard 
QUOKKA 


The female quokka breeds at i8 months, when she weighs about 2 kg. 
(r). The breeding season extends from late January to the end of October, 
with anestrum from November to January. Quokkas are polyestrous and 
heats are about 28 days apart. Ovulation is spontaneous, occurring about 
one day after copulation. One egg is shed at a heat period. The gestation 
f')eriod lasts from 24 to 28 days, but usually 26 to 27 days. Heat and ovula¬ 
tion follow immediately after parturition. This produces a corpus luteum 
of lactation which is maintained for 5 or 6 months and, during the first 
half of this time, the female is ancstrous (2). If she is lactating, develop¬ 
ment of the uterine embryos may be delayed and the young may be born 
after an interval of 5 months (3). 


HISTOLOGY OF THE FEMALE TRACT 


7'he diameter of the mature follicle is 2.8 mm., and that of the egg, 
120 to 130 ju,. The corpus luteum measures 4 mm., or more (i). The vaginal 
smear contains partly cornified cells at the time of heat, and sloughing 
of the epithelium is heavy after heat is over. In the uterus epithelial and 
glandular cells are dividing at the time of proestrum and the epithelium 
is pseudostratified. Mitoses are present in some granulosa cells at the time 
of heat. The corpus luteum originates from the granulosa cells with some 
thecal elements (4). No ciliated cells are to be found in the oviducts (i), 
but the egg is able to reach the uterus in one day (4). The pseudovaginal 
canal remains open after the first parturition. 

Behavioral estrus lasts for 12 hours and the uterine luteal phase, 18 
days (4). The young leave the pouch at 25 weeks but they still take milk 
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for 3 or 4 months. When they are too large to enter the pouch they feed 
from the exterior upon an elongated nipple (i). 

The testes descend to the scrotum at 8 weeks (4). 

1. Waring, H., G. B. Sharman, D. Lovat, and M. Kahan. Australian J. Zool., 3: 34- 
43 » 1955 - 

2. Sliarman, G. 13 . Nature, 173: 302, 1954. 

3. Sharman, G. B. Australian J. Zool., 3; 5^70, 1955. 

4. Sharman, G. B. Australian J. Zool., 3: 44-55, 1955- 


Dendrolagiis 
TREE KANGAROOS 


Dendrolagus matschiei Forster and Rothschild. This New Guinea kanga¬ 
roo has borne young in the London zoo in January and December (i). 
Copulation may be necessary for ovulation to occur (2). 

D, ursinus Schlcgel and Muller. In the London zoo a single young has 
been born in April (1). 

1. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

2. Matthews, L. H. PZS., 117: 313-333, 1947. 


POTOROINAE 
Bettongia cuniculus Ogilby 
RAT KANGAROO 


The rat kangaroo in Tasmania breeds at least from March to December, 
probably all the year, and is polyestrous. Ovulation is spontaneous, and one 
ovum is shed at a time (i). In the London zoo 26 births have been spread 
throughout the year. Of these, two were of twins (2). There is a post- 
parturition heat. Pregnancy is normally in alternate uteri, and while one 
is pregnant the other remains in a pseud op regnant state for the whole 
period. Lymph is expelled from this uterus just before parturition. The 
period of gestation is probably 6 weeks. Puberty is early, when the young 
are reasonably free from the pouch (i). 
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During heat mitoses are frequent in the endometrium, the epithelial cells 
show vacuolar degeneration, the gland cells arc actively dividing, and the 
stroma is very edematous and is invaded by polymorphs. The epithelium and 
glands are strongly ciliated. In early pseudopregnancy (or pregnancy) there 
are no mitoses and fewer cilia and the glands are convoluted and actively 
secreting. Later, the epithelium is low-columnar, cilia are few, the number 
of capillaries increases greatly, and the glands straighten near the surface 
and remain convoluted near their bases. Then the epithelium disintegrates, 
a great invasion of leucocytes occurs, and connective tissue cells move up 
and replace the surface epithelium (1). 

1. Flynn, T. T. Proc. Linn. Soc., New South Wales, 55: 506-531, 1930. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

Bettongia lesuenri Quoy and Gaimard. The single young of this marsupial 
leaves the pouch in November, after a pouch life of nearly four months (1). 

I. Wood-Joncs, F. The Mamni^ils of South Australia. Adelaide, 1924. 


Aepyprymnus rujescens Gray 
RAT KANGAROO 

In the London zoo 15 births have been recorded. These were scattered 
throughout the year and included two sets of twins (1). 

I. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Caloprymnus catnpestris Gould 
RAT KANGAROO 


This marsupial has an irregular breeding season, with 1 young at a time 
being the rule (1). The male has no vesiculae seminales or ampulla to 
the vas deferens. Spermatozoa are found in the urine (2), 

1. Troughton, E. Furred Animals of Australia. New York, 1947. 

2. Bolliger, A., and A. L. Carrodus, Med. J. Australia, 25: 1118-1119, 1938. 
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Potorous tridactylus Kerr 
POTOROO 


In captivity the female potoroo breeds first at i year old, at a weight of 
840 g., but in the wild at a lighter weight (i). The species breeds more or 
less all year but the favored times are from late August to early October 
and in January and February (2). The species is polyestrous and monovular 
with a cycle of 42 days (range 39 to 44). Heat lasts up to 12 days and 
ovulation is prabably coitus-induced. The gestation period is from 30 to 43 
days from copulation to parturition and a new heat may occur at 42 days 
after the preceding one, i.e., soon after the end of pregnancy. Then develop¬ 
ment of the new embryo is delayed if a pouch young is present at the same 
time. The blastocyst may remain dormant for 4V2 months. During this time 
further estrous cycles are suppressed. The pouch young is permanently at¬ 
tached to the teat for 64 days (3). 

The percentage of cornified cells in the vaginal smear at the time of heat 
is more than 80 (3). Birth occurs through the lateral vaginal canal (4). 
Vascularity in the pouch increases a few hours before parturition takes 
place (3). 

1. Guiler, E. R. Australian J. Sci., 23: 126-127, 1950. 

2. Guiler, E, R. JM,, 39: 44-58, 1958. 

3. Hughes, R. L. Australian J. Zool., 10: 193-224, 1962. 

4. Flynn, T. T. Proc. Linn. Soc., New South Wales, 47: xxviii, 1923. 


Hypsiprymnodon moschatus Ramsay 
MUSKRAT KANGAROO 


This marsupial breeds from February to May, i.e., in the rainy season (i). 
Two is the usual litter size (2). 

1. Troughton, E. Furred Animals of Australia. New York, 1947. 

2. Lucas, A. H. S., and W. H. D. La Souef. The Animals of Australia. Melbourne, 
1909. 



Insectivora 


^X^HE insectivores need much more investigation, especially as the little 
that is known reveals some interesting patterns. This is particularly 
so in the families whose position is somewhat uncertain: those which are 
placed by some in this Order and by others in the Primates. In certain species 
of Elep hunt ulus, for instance, much larger numbers of eggs are shed than 
embryos develop, the condition resembling that found in some marsupials, 
while the bleeding from the uterus, probably at the end of diestrum, may 
bear some relationship to the primate menstruation. Induced ovulation is 
probably rather frequent in some families, e.g., in the Soricidae. Another 
interesting point is that the corpus luteum of pregnancy does not seem to 
be of much importance in the maintenance of gestation. The interstitial 
gland in female European moles, with its growth parallel to that of the 
clitoris in the nonbreeding season, deserves further study. Its embryology 
and the possibility of its occurrence in other Talpidae are worth investigating. 
Altogether this Order appears to offer a more fertile field for study than 
any other. 


TENRECIDAE 

Tenrec ecaudatus Schreber 


This Madagascar species is probably pregnant from November to January 
since young may be found from the end of January to April. Pregnant 
females have been taken in December and January (i). There is probably 
a long anestrum during the rainy season (2). Embryo counts have ranged 
from 10 to 32, with 16 to 18 as common figures (i, 3, 4). 

I. Kaudern, W. AZ., 9(1): 1-22, 1914. 
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2. Fercmutsch, K., and F. Strauss. RSZ., 56(suppl. i): i-iio, 1949. 

3. Rand, A. L. JM., 16: 89-104, 1935. 

4. Goetz, R. H. Zeit. Ges. Anat., I, Zeit. Ent. Gesch., 106: 315-342, 1937. 


Setifer (Erictilus) setosus Schreber 


Pregnant specimens of this Madagascar insectivore have been taken in 
September and October, and also from December to early February (t). 
It is polyestrous, with cycles of 5 to 6 weeks and possibly a long anestrum 
in the rainy season (2). In 5 embryo counts the number has been either 
2 or 3 (1). 

The follicles are solid and fertilization takes place within the ovary. 
The fertilized ova move towards the surface; they are devoid of a corona 
radiata when they arc shed. The corpus lutcum is formed from the granulosa 
cells, which are extruded from the follicles and spread over the surface of 
the ovary (2). Neoformation of ova can occur but it is exceptional and 
probably not periodic. If it occurs it does so early in pregnancy. Some newly 
formed ova may be produced deep in the ovarian stroma and not from 
the germinal epithelium (3). 

The bursa ovarica has a minute opening to the abdominal cavity (2). Its 
epithelium is ciliated; the cells divide during the ovulatory phase and secrete 
after it is over (4). 

The uterine glands are poorly developed during anestrum, and the epithe¬ 
lium is cubical. In proestrum the glands become longer and more branched. 
The epithelium becomes columnar. During heat these growth phenomena 
continue and in metestrum there is much glandular development that is con¬ 
tinued during the luteal phase. The epithelium becomes pseuclostratificd, with 
very tall cells (2). The gland cells contain mitoses in the ovulatory phase, not 
in the luteal phase, when they begin to secrete. In the ovulatory phase, 
too, mitoses are frequent in the stroma, which is edematous (4). The en¬ 
dometrium is edematous during proestrum (5). 

1. Kaudern, W. AZ., q ( t ): 1-22, 1914. 

2. Fercmutsch, K., and F. Strauss. RSZ., 65(suppl. i): i-iio, 1949. 

3. Kon, L. RSZ., 53: 597-623, 1946. 

4. Fercmutsch, K. RSZ., 55: 567-622, 1948. 

5. Strauss, F. RSZ., 53: 511-517, 1946. 
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Hemicentetes semispinosus Cuvier 


This Madagascar insectivore is polyestrous, with a cycle about 3 or 4 
weeks long. Possibly there is a long anestrum during the rainy season. The 
follicle is solid; fertilization takes place within the ovary, and the fertilized 
ova move towards the surface. They are surrounded by a corona radiata 
when they are shed (i). 

The bursa ovarii is ciliated; its cells divide during the ovulatory phase 
and secrete when it is over. Mitoses appear in uterine gland cells during 
the ovulatory phase and are absent in the luteal phase, when secretion 
begins. 7 'he stroma contains cells in mitosis and is edematous during the 
ovulatory phase (2). 

1. Fercmutsch, K., anti F. Strauss. RSZ., 56(suppl. 1): t-iio, 1949. 

2. Fcrcrnutsch, K. RSZ., 55: 567-622, 1948. 


POTAMOGALIDAE 

Potamogale velox Du Chaillu 


One pregnant female is recorded for October (1). 


I. Frcclikop, S. EPNU., No. 14, 1044. 


CHRYSOCHLORIDAE 

Chrvsochloris damarensis Ogilby 

GOLDEN MOLE 


The breeding season of this South West Africa mole is from April to 
July. New-born young are found in July and August. One record of a 
female gave 2 embryos (i). 

I. Broom, R. Trans. South African Philos. Soc., 18: 283-311, 1907-9. 
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Chrysospalax villosus A. Smith 
ROUGH-HAIRED GOLDEN MOLE 


This mole becomes pregnant shortly after the rains have set in. Two young 
at a time is the usual number (i). 

1. Roberts, A. Ann. Transvaal Mus., 4: 65-107, 1913-4. 


ERINACEIDAE 

ECHINOSORICINAE 
Echinosorex gymnuriis Raffles 
MOONRAT 


The moonrat of Borneo has been recorded with 2 small embryos in 
June (i). 

I. Banks, E. J. Malay Br. Roy. Asiatic Soc., 9(2): 1-139, 1931. 


ERINACEINAE 
Aethechinus frontalis A. Smith 
SOUTH AFRICAN HEDGEHOG 


The time of birth is in summer (i), and the number of young is from 
2 to 7. 

I. FitzSimons, F. W. The Natural History of South African Mammals. London, 1919. 
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Ertnaceus europaeus L. 
HEDGEHOG 


The hedgehog is said to be monestrous with two seasons a year (i) and 
litters arc born in May-June and August-September (2). In captivity, how¬ 
ever, there seems to be a continuous season from May to September (3), 
and this is probably what happens in the wild with peaks of births in 
the months cited. The gestation period seems to be variable as two reports 
give 34 to 49 days (4) and 35 to 40 days (5). In captivity the minimum 
has been 31-32 days, the usual, 34-35, and the maximum, 39 days (3). 
Ovulation is not spontaneous (6). The average litter size is 4.6 (3). The 
earlier-born young do not reach puberty in their first year (7). 


HISTOLOGY OF THE FEMALE TRACT 

The ovaries arc roughly U-shaped, bent round a thick muscular hilus, 
and are exceptionally well vascularized. They are completely enclosed in a 
tough capsule, and the stroma is fibrous with some fat-containing cells. Pig¬ 
ment is very common in both the ovaries and uterus, especially during the 
breeding seasons. During the winter aneslrum immature ova only are found 
and follicular degeneration is especially marked. Besides the usual types 
of atresia, another occurs in which several small follicles collapse producing 
glandular-looking cell masses. In April the ovaries become active (7). 

There is a remarkable growth of the granulosa during the period of 
follicular expansion, and the preovulatory size of the follicle is 1.25 mm. In 
the absence of mating these cells fail to luteinize although normal vasculari¬ 
zation occurs; blood is extravasated and fibrous tissue grows. The fully 
formed corpus luteum of ovulation is 0.7 to i.o mm. in diameter; it contracts 
to 0.5 mm. at the next ovulation and remains stationary at that size for some 
time, but the corpora remain separate, seldom becoming confluent as do 
those of pregnancy and of pscudopregnancy. After copulation pseudopreg- 
nancy is frequent, and the corpus luteum then formed is the usual type, 
with luteinization of the granulosa cells. This type grows to 1.1-1.4 
The corpus luteum of pregnancy is similar to that of pseudopregnancy. New 
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follicles grow and reach the size usual at estrus, but they degenerate. The 
corpora of pregnancy and of pseudopregnancy often become confluent, and 
they are very slow to retrogress. After copulation the general vascular condi¬ 
tion shows a marked increase. The ovum is 70 (x in diameter (7). There is 
no postparturient heat. 

The vagina is large and muscular; it remains open at all times. In the 
upper part the lumen is large and the wall relatively thin; in the middle 
region it is more muscular, the lumen is much smaller, and a pair of large 
glands are present. 

The lower vagina is still narrower, with large lymph nodes and numerous 
accessory glands embedded in the wall. The vagina is greatly dilated during 
heat; it does not subside during diestrum but does in pseudopregnant cycles. 
The inference may be drawn that the hedgehog is not truly mcMiestrous, 
but only appears to be so in the wild state. The epithelial cycle is normal, 
with growth, cornification, and sloughing, which is most marked in the 
upper vagina. The vaginal glands regress during anestrum (7). There is 
considerable secretion of mucus by the glands during the breeding season (i). 

The horns of the uterus arc short, thick, and muscular and at their junction 
lie almost at right angles to the cervix and vagina. Well-defined cervical 
fornices are present. No striking changes occur in heat or in the noncopula- 
tory cycle, but in procstrum new glands develop from epithelial ingrowths. 
In pseudopregnancy the epithelium is much folded, their is slight growth 
and secretion, and the stroma becomes edematous. In pregnancy one finds 
some early epithelial destruction and extravasation of blood and pigment 
into the lumen (7). 

During heat the epithelial cells of the uterus measure 2.0 g high, while 
in anestrum they are reduced to 5 to 7 g. The gland cells are reduced from 
16.5 to 10-12 /X. The stroma is edematous during estrus (8). 

The oviduct is bent round so that it lies against the tip of the uterine cornu. 
There is a conspicuous parovarium. The ciliated epithelial cells grow as 
estrus approaches, and after ovulation some cells slough off and secretion is 
apparent, but none of the changes are marked. The tube becomes edematous 
during the breeding season (7). 

During the winter anestrum follicles will ripen and the reproductive tract 
enters the cstrous condition if females are kept in the laboratory at a tempera¬ 
ture of 70 to 75° F. The temperature seems to be more important than in¬ 
creasing the daily amount of light. However, ovulation rarely occurs among 
these animals (9). 
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THE MALE 

The male has a definite breeding season with spermatozoa from April to 
August. There is no true scrotum but the testes descend into a perineal pouch. 
The accessory organs arc very large during the breeding season. In Septem¬ 
ber or October the whole tract rapidly becomes smaller and, after a period 
of dormancy, again increases in March of the following year. The seminal 
vesicles increase sixiyfold in weight from anestrum to rut. In the sexually 
active animal the reproductive tract may represent lo per cent of the body 
weight (2, 10, ii). Hie interstitial cells of the testis proliferate during the 
spring and begin to retrogress toward the end of July. In fall and winter this 
tissue is atrophic. The accessory organs parallel the interstitial cell develop¬ 
ment, and their involution is rapid after castration (12). Although spermato¬ 
zoa are not produced during the nonbreeding season, some spermatocytes are 
always present, but the male docs not respond to the stimulation of laboratory 
conditions as does the female (10). 

1. Courricr, R. CRSR., 90: 808-809, i9-4* 

2 . Marshall, F. H. A. J. Physiol., 43: 247-260, 1911. 

3. Morris, H. PZS., 136: 201-206, 1961. 

4. Hcrier, K. Zcii. £. vSaiigeticrkunde, 8: 195-218, 1933. 

5. Ranson, R. M. J. Hyg., 41: 131-138, 1941. 

6. Zajaezek, S. Bull. Int. Acad. Polon. Sci. Lcttr., Cl. Sci. Math. Nat., Scr. B, 939: 

379-40.3, 1946. 

7. Dcancsly, R. TRS., 223B: 239-276, 1934. 

8. Schiitz, H. Zeit. f. Mikros.-Anat. Forsch., 59: 463-522, 1952-3. 

9. Allanson, M., and R. Dcancsly. PRS., 116B: 170-185, 1934. 

10. Allanson, M. TRS., 223B: 277-303, 1934. 

11. Schiitz, H. AA., loi: 84-94, 1954. 

12. Courricr, R. AB., 37: 173-334, 1927* 


Atelerix alhiventris Wagner 


The gestation period is about 1 month long and 3 to 4 young are born at 
a time (i). 

I. Jeannin, A. Les Mammiferes Sauvages du Cameroun. Paris, 1936. 
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HemiechiniiS auritus Gmelin 
LONG EARED HEDGEHOG 

The litter size varies from i to 4 with records of 2 females giving birth 
to 2 and 4 young respectively in August. Other females had 2 young each, 
born from July to September, mostly in August and September (i). An¬ 
other record gives a litter of 6, born in August (2). 

1. Prakash, I. JM., 41: 386-389, i960. 

2. Gupta, B. B., and H. L. Sharma. JM., 42: 398-399, 1961. 


Paraechimts micropus Blyth 


Litters have varied from 1 to 5 and all records give births in August (i, 2). 

1. Prakash, I. JM,, 41: 386-389, i960, 

2. Gupta, B. B., and H. L. Sharma. JM., 42: 398-399, 1961. 


MACROSCELIDIDAE 


Macroscelides proboscidcus Shaw 


Pregnancies have been observed in August and September, and 8 females 
each bore 2 embryos. This is the usual number of young born (i). How¬ 
ever, numerous eggs are shed from the ovaries at heat (2). 

1. Shortridge, G. C. I’he Mammals of South West Africa. London, 1934. 

2. van der Horst, C. J. JM,, 25: 77-82, 1944. 


Nasilio brachyrhynchus A. Smith 


Pregnancies have been observed in January, June, and November (1); 
the January ones near term or just brjrn (2), though another account gives 
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the season of birth in Angola as about April (3). The number of fetuses or 
young has been 1 or 2 about equally (i, 2). 

1. Loring, —. In G. C. Shortridge, The Mammals of South West Africa. London, 
1934. 

2. Lawrence, B., and A. Loveridge. HMCZ., no: 1-80, 1953. 

3. Hill, J. E. JM., 22: 81-85, 1941* 


Elephantiilus mytirus Thomas and Schwann 
ELEPHANT SHREW 


The classification of the South African elephant shrews has presented 
some difficulties to the systematists. Allen (1) gives two subspecies of Ele- 
phantulus rupestris A. Smith, namely, jamesoni and myuri. Van der Horst 
gives the names of the subspecies with which he works as E. myurus 
jamesoni. He states that E. rupestris sheds only 2 eggs at a time (2), while 
E, myurus jamesoni sheds about 120, so the classification used by him is 
probably more nearly correct. 

The age at puberty is about 5 weeks (3). The breeding season begins 
about the end of July and finishes in January, with a spread from December 
to March. In a state of nature, menstruation is seen only at the end of the 
breeding season because pregnancy occurs throughout the season. In captivity 
the species does not breed; the natural seasonal polyestrum is replaced by 
ancstrum. Ovulation is spontaneous and the cycle is believed to last about 
14 days. Ovulation may occur shortly after parturition but there is no lacta¬ 
tion anestrum. Normally the ovulation process extends over i or more days 
and about 120 eggs are shed from the 2 ovaries. Animals that become 
pregnant in January tend to abort; the corpora lutea degenerate suddenly, 
a condition not found in the infertile cycle. As a rule there are only 3 
pregnancies in the life of the female (3). The number of young at a birth 
is I to 2 (4) and the duration of pregnancy is about 8 weeks (5). 

Although up to 60 eggs are shed only one is found in each uterine horn. 
They pass rapidly through the first part of the oviduct and collect within a 
swelling of the central part of this tube, remaining there for some time, 
after which they pass rapidly through the remainder of the tube. The central 
portion of the oviduct, termed the egg chamber, is nonciliated. Transport 
through the last part is by means of weak muscular contractions (6). The 
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embryos remain at the 4-cell stage until they are implanted (7). Bleeding 
and desquamation occurs from a polyplike growth in the uterus apparently 
at the end of diestrum (8). 


THE FEMALE TRACT 

OVARY. The amount of fluid in the graafian follicles diminishes before 
ovulation until it remains as a narrow rim between the cumulus oophoron 
and the granulosa. The latter layer enlarges and its cells begin to luteinize 
before ovulation (9, 10). The theca cells enlarge and multiply, but only in the 
deeper part of the follicle. As ovulation approaches, the granulosa cells at 
the cap of the follicle move toward the interior. At ovulation this attenuated 
cap tears off, and the contents of the follicle bulge out and spread over the 
surface of the ovary, so that the contents of the numerous everted follicles 
tend to fuse. The theca grows outwards as a core to each corpus luteum, and 
the whole structure becomes more convex, giving the peripheral layer a 
compact appearance. Germinal epithelium grows over the lutein masses. 
Gradually the thecal cores diminish in amount, leaving a layer of granulosa- 
lutein cells covered by one of germinal epithelium. These changes have not 
been accurately timed, but the last stage is reached before the uterine polyp 
is formed. The lutein tissue is fully encapsulated during the polyp stage, 
and the corpus luteum is degenerating when it begins to show necrotic 
changes (sec below). The mode of vascularization of the lutein cells is be¬ 
lieved to differ from that found in other mammals, as groups of 4 or more 
cells are arranged in close relation to a capillary loop in contrast to the usual 
investiture of each cell with a capillary network of its own (10). 

UTERUS. In the immature elephant shrew the uterine epithelium con¬ 
sists of low-columnar to cuboidal cells with compressed nuclei arranged so 
that the epithelium has a pseudostratified appearance. The stroma has a 
narrow subepithelial cellular zone 15 to 20 /x thick, and the cells arc baso¬ 
philic. The glands are shallow. In anestrum the appearance is the same except 
that secretion is found in the lumen of the uterus, and the glands appear 
to be cystic (8). 

The estrogenic phase at the beginning of the breeding season is marked 
by great edema of the endometrium, particularly in its basal portion. The 
glands increase in length, but remain straight; the cells divide and enlarge. 
As heat progresses, the edema spreads toward the lumen of the uterus, and 
the stromal cells become vacuolated; late in heat polymorphs invade the 
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endometrium. At ovulation red blood cells are extravasated in the region 
of the thickened stroma, i.e., in the superficial layer (8). 

During the lutein phase the edema slowly subsides, earliest from the 
superficial layers in which it has appeared last. The epithelium is high- 
columnar and pseudostratified; the glands become coiled. When the corpus 
lutcum begins to degenerate, the uterine muscle contracts, and a polyplike 
body develops as part of the endometrium projecting into the lumen from 
its mesometrial pole. It is accompanied by considerable local edema, and 
the glands dilate. The epithelial cells become exceedingly tall, and the poly¬ 
morphs which had previously invaded the endometrium disappear. Eventu¬ 
ally the growth forms a pendulous mass hanging down into the uterus 
(8, ii). This structure does not develop if pregnancy and implantation 
occur so that it is essentially a part of the cyclical changes (12). 

At a time which is evidently the end of diestrum, the capillaries in the 
polyp dilate and lacunae appear in the subepithelial layer. Bleeding occurs 
into the glands, cellular necrosis sets in, and the structure enlarges because 
of the edema and bleeding. Then the epithelium ruptures, and the whole 
necrotic mass pours out into the lumen of the uterus. Regeneration is rapid 
and it may overlap the estrogenic phase, so that late in the season the uterus 
of the shrew in heat may present a very complex series of changes. The 
writers cited believe that this very remarkable series of changes may be a 
forerunner of the menstrual changes found in the higher primates, and, in 
view of the disputed systematic position of this genus, the suggestion is 
interesting (8). Another interesting point is the partial resemblance between 
the formation and coalescence of the corpora lutea in this species and the 
way in which among New World monkeys they coalesce with the inter¬ 
stitial tissue by the disappearance of the thecal coat. 

If coitus occurs and the female is fertilized, most of the ova begin their 
development, but, as the area of possible implantation is limited, only one 
is implanted and develops. The remainder are mostly imprisoned in the 
upper part of the uterus by a strong contraction of the circular muscle and 
degenerate at the 1-, 2-, or 4-ccll stage (13). 


THE MALE 

The testes are abdominal and interstitial cells are few. The testes are 
active all the year and show no seasonal changes. The epididymis, too, under¬ 
goes no seasonal changes but the accessory glands are active from July to 
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January and then they retrogress. Interstitial cell size increases from June 
to August, is at a maximum in October, and then decreases to a minimum 
which is reached in April. Spermatogenesis is slow during the non-breeding 
season but it never ceases (14). 

1. Alien, G. M. HMCZ., 83: 1 -^ 63 ^ 1939. 

2. van dcr Horst, C. J. JM., 25: 77-82, 1944. 

3. van der Horst, C. J. TRS., 238B: 27-61, 1955. 

4. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

5. McKcrrow, M. J. M. TRS., 238B: 62-98, 1955. 

6. van der Horst, C. J., and J. Gillman. South African J. Med. Sci., 8: 4 i- 49 > i 943 - 

7. van der Horst, C. J., and J. Gillman. South African J. Med. Sci., 7: 47 ” 7 i> 1942. 

8. van der Horst, C. J., and J. Gillman. South African J. Med. Sci., 6: 27-47, 1941. 

9. van der Horst, C. J., and J. Gillman. Nature, 145: 974, 1940. 

10. van der Horst, C. J., and J. Gillman. South African J. Med. Sci., 7: 21-41, 1942. 

11. van der Horst, C. J. Trans. Roy. Soc., South Africa, 31: 181-199, 1946. 

12. van der Horst, C. }., and J. Gillman. South African J. Med. Sci., 7: 134-143, 1942. 

13. van der Horst, C. J., and J. Gillman. AR., 90: 101-106, 1944. 

14. Stock, Z. G. TRS., 238B: 99-126, 1955. 


Elephantulus capensis Roberts. This elephant shrew sheds about 120 eggs 
at a time (i). 

£. intuji A. Smith. This shrew probably breeds all the year (2). As a rule 
2 eggs are shed at a time (i), and 2 embryos are found in the uterus (3). 
£. renatus Kershaw. Lactation in December has been recorded (4). 

E. rozeti Duvernoy. The pectoral glands develop at the same time as the 
testes (5). A female with 2 young fetuses has been recorded in May (6). 

£. rupestris A. Smith. Embryos have been reported in September (3), 
April and May (7). Five counts of 2 embryos and six of i have been made. 
Only 2 eggs are shed at a time (i). 

1. van der Horst, C. J. JM., 25: 77-82, 1944. 

2. van der Horst, C. J. TRS., 238B: 27-61, 1955. 

3. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

4. Allen, G. M., and A. Loveridge. HMCZ., 75: 47-140, 1933-4. 

5. Lang, H. JM., 4: 261-263, ^923- 

6. Lataste, F. Act. Soc. Linn., Bordeaux, 39: 129-299, 1885. 

7. Loring, —and E. Heller. In G. C. Shortridge, The Mammals of South West 
Africa. London, 1934. 
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Petrodromus 


Petrodromus robustus Thomas. There is a record of a pregnant female 
found in January (i). 

P. rovumae Thomas. The single young is born in October (2). 

P. tetradactylus Peters. One or 2 eggs at a time are released from the 
ovaries (3) and there is a record of 3 females each with a single embryo, 
collected in December (4). 

1. Frechkop, S. EPNU., No. 14: 1944. 

2. Lovcricigc, A. J. East Africa and Uganda Nat. Hist. Soc., 17: 39-69, 1922. 

3. van der Horst, C. J. JM., 25: 77-82, 1944. 

4. HcIIcr, E. In G. C. Shoriridgc, the Mammals of South West Africa. London, 1934. 


Rhynchocyon cirnei Peters 


Specimens collected in Nyasaland in September had small embryos (1). 
One collected in January was lactating (2). 

1. Lawrence, B., and A. Loveridge. HMCZ., no: 1-80, 1953. 

2. Allen, G. M., and A. Loveridge. HMCZ., 75: 47-140, 1933-4. 


SORICIDAE 

SORICINAE 
Sorex araneus L. 
COMMON SHREW 


The common Old World shrew has a breeding season from May to 
September (i) or October (2). In northern Norway puberty occurs at about 
8 g. weight or 70 mm. head and body length (3). The male may reach 
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breeding condition in April following the spring of its birth but, in the 
laboratory, puberty may be reached in the first year (4). In Poland the 
number of females reaching puberty in their first year is low, about 0.3 to 
2.0 per cent. No males attain puberty in the year of their birth (5). Heat 
lasts for a few hours (6). 

The onset of the first heat of the season is gradual, and so is the season’s 
cessation, with a greater number of failures to become pregnant at the post- 
parturition heat occurring as the year advances. Females that do not become 
pregnant pass into the lactation anestrum w'ithout the presence of corpora 
lutea in their ovaries. Breeding lasts longer in the southern parts of Cireat 
Britain than it docs toward the north. No condition resembling pseudo- 
pregnancy has been observed. The average number of embryos is 6.45, and 
of corpora lutea 7.35. The litter size declines after July because of increased 
intra-uterine mortality, (2). In another account 7.7 was the average number 
of embryos observed in May, 7.7 in June, and 5.7 in August (5). 

The duration of gestation is about 20 days and lactation lasts about 21, 
while there is usually a heat about 25 days after parturition (7). However, 
if the female is pregnant during lactation, delayed implantation may super¬ 
vene (1). Under laboratory conditions 3 or 4 litters a year may be born (7). 
The mean litter size is largest, 8.2, at the beginning of the season but at the 
end it has dropped to five. Fetal regression increases in August and Septem¬ 
ber but usually i or 2 young per litter are lost, not whole litters (1). 

The ovary contains but few polyovular follicles. Ovulation is spontaneous; 
the number of eggs shed at a time is greatest in May, while the mode for the 
year is 8 (i). 

The ripe graafian follicle is 350 /x in diameter and the ovum 72 /v.. The 
corpus luteum has a central cavity for a while, but little blood is found in 
it. The mature corpus is about 500 /x in diameter, but retrogression sets in 
before parturition and is marked by the presence of mitoses in the luteal 
cells. At parturition the diameter is reduced to half. The ovary is surrounded 
by a closed capsule (2). 

Only the lower part of the vagina is closed in immature females. The 
epithelium is intensely cornified during the first heat, and toward its end 
there is hyperemia and extravasation of leucocytes, which pass into the 
lumen. Cornification does not occur in the postparturition heats. The upper 
and lower parts of the vagina differ, with a circular fold at the point of 
change. The lower part is thinner and the wall more folded (2). 

The uterus has a single cervix, and but little glandular tissue can be found 
in the endometrium. There is a characteristic fibrous zone between the 
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mucosa and the muscle in the uterus of the nonparous female. The part 
of the oviduct proximal to the ovary is ciliated. Changes during the cycle 
are slight, and secretion occurs only while the ova are in transit (2). 

Spermatogenesis begins in March and continues at least into November. 
The prostate is relatively large. The males do not breed in their year of 
birth; either do the females, though they tend to display precocious sexual 
activity in the fall. They apparently die at the end of their first breeding 
season (2). 

1. Tarkowski, A. K. Ann. Univ. Mariae Curie Sklodowska, Sect. C, 10: 177-244, 
* 955 - 7 - 

2. Brambcll, F. W. R. TRS., 225H: 1-62, 1935. 

3. Hoyte, H. M. I). J. Anini. Ecol., 24: 412-425, 1955. 

4. Wolskn, J. Ann. Univ. Mnriac Curie Skloclf)Wska, Sect. C, 7: 497-539, 1952. 

5. Croweroft, P. 7 'he Life of the Shrew. London, 1957. 

6. Pucek, Z. y\cta Theriol., 3: 269-296, i960. 

7. Dehncl, A. Ann. Univ, Mariae Curie Sklodowska, Sect. C, 6: 359-377, 1952. 


Sorex mimitHS L. 
LESSER SHREW 


The lesser European shrew begins to breed in mid-April in Great Britain. 
The season is at its height in June and is over in October. The young do not 
breed during their first year. The first heat is prolonged, with vaginal corni- 
fication and gradual hypertrophy of the sexual organs. The largest follicles 
average 330 /a in diameter, and the corpora lutea about 457 /a. The latter dis¬ 
appear quickly. There is a postparturient heat, and, if the female does not 
become pregnant at this time, lactation anestrum follows. Like S. arancus, 
breeding animals do not survive beyond their first season; unlike that species, 
no fibrous zone is found between the endometrium and the uterine muscle 
in young females. The average corpus luteum count is 6 to 8, and that of 
embryos is 6.2 (i). 

In Poland from 4 to 10 per cent of females reach puberty in their first 
year. These are members of the first spring litter. No males become sexually 
mature in their first year (2). 

1. Brambell, F. W. R., and K. Hall. PZS., 957 - 969 > 1936. 

2. Pucek, Z. Acta Theriol., 3: 269-296, i960. 
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Sorex palustris Richardson 
WATER SHREW 


Pregnant and lactating females are found between February and August. 
Ovulation is possibly induced and there is a post-partum heat followed by 
pregnancy, though the embryos usually degenerate (i). Embryo counts have 
varied from 5 to 7; mean, 5.8; mode, 6 (i to 4). The number of young born 
is given as 4 to 7 (5). 

The ovaries develop and the uterine glands proliferate in January. The 
corpus luteum of pregnancy measures 0.5 to 0.6 mm. but it regresses before 
the end of gestation (i). 

The male is not sexually active in the season of its birth but spermato¬ 
genesis begins in December and January, with active sperm present from 
February onward. In active males the testes weigh too to 200 mg. (i). 

1. Conaway, C. H. AMN., 48: 219-248, 1952. 

2. Borell, A. E., and R. Ellis. ]M., 15: 12-44, 1934. 

3. Long, W. S. JM., 27: 170-180, 1946. 

4. Bailey, V. NAF., 55; 1936. 

5. Rand, A. L. Canada Nat. Mus., Bui. 100, 1945. 


Sorex V a grans Baird 

In the salt water marshes of San Francisco this shrew gives birth to young 
from late February to early June, but mostly in April, and again to a limited 
extent in mid and late September; probably the later season represents 
mainly early young of the year (i). In Montana the season is from April to 
August (2). The gestation period is about 20 days, and the number of 
embryos averages 5.5. The number of young born averages 5.2; mode 5 
and 6; range 2 to 9, while the average number of young found in nests was 
4.7 (i). A count for Montana gave 2 to 9 embryos, with 6.4 average (2). 

In Montana the testes enlarge in February and spermatozoa are present 
by the end of the month (2). 

1. Johnston, R. F., and R. L. Rudd. JM., 38: 157-163, 1957. 

2. Clothier, R. R. JM., 36: 214-221, 1955. 
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Sorex arcticus Merriam, This species is polyestrous and has several litters 
a year. The number of young is usually 6 to 9 (i) but there is one record 
of a female with i2 embryos (2). The testes diminish abruptly at the 
end of August (3). 

S, cintreus Kerr. The common American shrew is polyestrous and breeds 
all the year except in winter. The litter size is from 4 to 10 (i). Nine embryo 
counts were scattered between 4 and 8, with i.i the mean (2, 4, 5). 

5 . dispar Batchelder. Two records each of 2 embryos found in August 
(i, 6), and one of 5 in May (4) have been recorded. 

5 . jumeus Miller. The smoky shrew breeds from late March to August. 
The gestation period lasts for 3 weeks or less and the average litter size 

5-5 (7)* Embryo counts have varied from 2 to 7, with a mode of 6 (4, 8). 
Parturition is followed by mating (9). 

5 . longirostris Bachman. This species has 4 to 5 young at a time (10). 
One record is of a female with 4 fetuses in April (ii). 

S, fnerriamt Dobson. This shrew probably mates from March to June. 
Records of 5, 6, and 7 embryos have been reported (12). 

5 . mtlleri Jackson. One record gives a lactating female taken early in 
July (13). 

S, trowbndgei Baird. This shrew begins to breed during its first February 
and continues until late May and June, though occasional breeders may be 
found in August. The females reach puberty about two weeks later than 
the males. In eight instances the number of embryos was from 3 to 6, with 
an average of 5. The female has a post^partum heat and pregnancy (14). 


1. Hamilton, Ir., W. ). The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

2. Quay, W. B. JM., 32: 88-99, 1951. 

3. Bee, J. W., and E. R. Hall. Univ. Kansas Mus. Nat, Hist., Misc. Publ. 8, 1956. 

4. Richmond, N. D., and H. R. Rosland. Mammal Survey of N. W. Pennsylvania, 
Harrisburg, Pa., 1949. 

5. Harper, R. Univ. Kansas Mus. Nat. Hist., Misc. Publ. 12, 1956. 

6. Tale, G. H. H. JM., 16: 213-215, 1935. 

7. Hamilton, Jr., W. J. Zoologica, 25: 473 “ 493 > i 940 - 

8. Howell, J. C., and Conaway, C. H. ). Tennessee Acad. Sci., 27: 153-158, 1952. 

9. Hamilton, Jr., W. J. JM., 30: 257-260, 1949. 

10. Hall, E. R., and K. R. Kelson. The Mammals of North America. New York. 
1959. 

n. Dusi, J. L. JM., 40: 438 ^ 439 , i 959 - 

12. Johnson, M. L., and C. W. Clanton. The Murrelet, 35: 1-4, 1954. 

13. Baker, R. H. Univ. Kansas Mus. Nat. Hist., Misc. Publ. 9, 125-335, 1956. 

14. Jameson, Jr., E. W. JM., 36: 339 - 345 » * 955 - 
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Microsorex hoyi Baird 
PYGMY SHREW 


This shrew has several litters in spring and summer, with 5 to 6 young 
as a rule (i). A record of 7 in July has been reported (2). 

1. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

2. Scott, T. G. JM., 20: 251, 1939. 


Neonjys fodiens Pennant 
WATER SHREW 


The young of this water shrew probably do not breed in the year of 
their birth, except perhaps for a few born early in the season (i) who breed 
possibly in July at a body weight of about 12-14 S* (2)- The season extends 
from mid-April, or earlier, to September, and at least 2 litters a year are 
produced. Ovulation is probably not spontaneous. There is a post-partum 
estrus and probably pseudopregnancy occurs, but luteinizalion of interstitial 
tissue is found only after pregnancy. Fertilization takes place in the ovarian 
part of the oviduct while discus cells are still attached to the ovum. Preg¬ 
nancy lasts probably for 24 days but it may be prolonged in the tubal stage 
if lactation supervenes. In some animals lactation anestrum is found, es¬ 
pecially towards the end of the breeding season (i). Records of embryos 
include one with 13 unimplanied blastocy.sts (3) and two of 5 and 11 each 

(4). 

The follicle at ovulation measures about 391 /a and the ovum 77 ix. in 
diameter. The corpus luteum has a depressed rupture point, and its cavity 
may contain blood. At this early stage it measures about 395 ft. The ovarian 
interstitial tissue enlarges during pregnancy and merges with the corpus 
luteum, which becomes indistinguishable from it. At the 4-ccll stage, the 
latest time it can be distinguished, the corpus luteum measures i mm. At 
estrus the uterine epithelium is tall-columnar; the nuclei are elongated and 
situated midway up the cells (i). 



INSECTIVORA 


51 


The testes reach their maximum weight, 100 to 220 mg., in April or 
May, and as one earlier specimen had testes weighing 9 mg., the increase 
must be rapid and very great. A copulation plug is formed and ejaculation 
of semen directly into the uterus is rare (1). 

1. Price, M. PRS., 123B: 599-621, 1943-4. 

2. Bazan, 1 . Ann. Univ, Mariae Curie Sklodowska, Ser. C., 9: 213-259, 1955. 

3. Hoyte, kl. M. D. J. Anim. Ecol., 24; 412-425, 1955. 

4. Cantuel, P. Mammalia, 10: 140-144, 1946. 


Blarina brevicauda Say 
MOLE SHREW 


The North American short-tailed shrew is sexually active from the first 
week in February, and the testes reach their greatest development in early 
April. The young are born from mid-April to the end of May, and probably 
a second litter may be born in August-September. The male has a side gland 
which develops with the testes (1). The litter size is 3 to 7, averaging 4.5 (2), 
but embryo counts from animals caught in the wild have given 5.2 ±: .3 (i, 
3, 4). The duration of pregnancy is 17 to 20 days from the end of sexual 
receptivity (2). 

Ovulation is induced by coitus, and the female is in heat continuously for 
at least 3^ days in the absence of the male. It requires several matings to 
induce ovulation, and, if sufficient are made, this occurs about 64 hours (55 
to 71) from the time of the first mating. The follicles during heat are 0.35 
to 0.45 mm. in diameter. The antrum is small and the granulosa cells are 
large. After copulation the follicles increase slightly in size, and the theca 
becomes more vascular. Ten hours before ovulation the basement membrane 
below the granulosa layer disappears. The first polar body is given off, and 
luteinization begins to push the ovum and a ball of granulosa cells surround¬ 
ing it out of the follicle. Spermatozoa often penetrate the ovum before it is 
extruded from the follicle. The size of the ovum is 70 X 80 m. The corpus 
lutcum sometimes has a small cavity at the point of ovulation, and mitoses 



52 


MAMMALIAN REPRODUCTION 


are frequent in the cells around the edge of the corpus. Its maximum size 
is 0.75 mm. in diameter, and it degenerates when the embryos are 7 mm. 
long. By the time of parturition it has almost or entirely vanished. The 
average number of corpora lutea found was 6.1, and of embryos 5.7 (2). 

Pseudopregnancy lasts 9 to 10 days from the time of ovulation. There is 
no postparturition heat. Internal migration of blastocysts may occur; the 
ovarian capsule is usually closed (2). 

During anestrum the vaginal lumen is usually closed and its lining con¬ 
sists of two layers of epithelial cells. At the time of heat it develops an abrupt 
flexure, sigmoid in the vertical plane, corresponding to that of the penis. 
The epithelium becomes stratified, and mitoses are abundant, both in 
proestrum and in heat. Cornification is well marked, and there is a leucocyte 
invasion at the end of heat. The vagina is cornified during lactation (2). 

During heat the uterine epithelium is tall-columnar, with mitoses. Many 
leucocytes are to be found in the stroma, and they migrate to the lumen after 
copulation (2). 

The oviduct is ciliated at the ovarian end, but few can be found in the 
mid-region and none at the uterine end. They are entirely absent during 
anestrum (2). 

The penis is sigmoid and has horny ridges or rings on the glans. The 
testes produce no spermatozoa from November to January, and during this 
time the penis and accessory organs are small. Growth begins late in January, 
and by late February spermatozoa may be found. There is less regression 
in winter in males that are kept in the laboratory than in those obtained from 
the wild. Both males and females breed in their first year if they are born 
early enough; puberty in the male is reached in 50 to 80 days. The pectoral 
scent gland is developed in the spring, more so in the male than in the 
female. No copulation plug is formed at coitus (2). 

1. Hamilton, Jr., W. J. JM., 10: 124-134, 1929. 

2. Pearson, O. P. AJA., 75: 39-93, 1944. 

3. Richmond, N. D., and H. R. Rosland. Mammal Survey of N. W. Pennsylvania. 
Harrisburg, Pa., 1949. 

4. Hamilton, Jr., W. J. JM., 30: 257-260, 1949. 

Blarina telmalestes Merriam. The Dismal Swamp shrew breeds from early 
spring to late September. It has 3 to 4 litters a year numbering from 3 to 

7 ( 0 - 

I. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 
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Cryptotis parva Say 
SHORT-TAILED SHREW 


The short-tailed shrew breeds from early March to November in the 
northern United States. In Florida it breeds the year-round (i). Heat lasts 
for I to 2 days. Five gestation periods lay between 21 and 23 days and, in i 
of 3, a post-partum heat was observed (2). A compilation of embryo and 
fetus counts gave the average litter size at 4.5 ± 3, with a range from 2 to 6 
and a mode of 5 (1-4). 

1. Hamilton, Jr., W. J. JM., 25: 1-7, 1944. 

2. Conaway, C. H. JM., 39: 507-512, 1958. 

3. Davis, W. B., and L. Joeris. JM., 26: 136-138, 1945. 

4. Brimley, C. S. JM., 4: 263-264, 1923. 


Notiosorex crawjordi Coues 


Embryos have been found in April (i), August (2), and September (3), 
and a lactating female in May (i). Two of these had 5 embryos each and 
the other had 3. 

1. Dixon, ). ]M., 5; 1-6, 1924. 

2. Hoffmcister, D. F., and W. W. Goodpaster. Illinois Biol. Monogr., 24: 1-152, 1954. 

3. Clark, W. K. JM., 34: 117-118, 1953. 


CROCIDURINAE 

Crocidura 

HOUSE SHREWS 


Crocidura deserti Schwann. This shrew probably breeds all year round. 
Two November records gave 3 and 5 embryos each (i). 
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C. flavescens Geofiroy. In captivity young were born in January; the litter 
size was from 2 to 4 (2). 

C. hildcgardeae Thomas. A February record is of a female with nest 
young (3). Two females each with 4 fetuses have been found in September 
and November (4). 

C. hirta Peters. A March record is of a female with i new-born young. 
Two lactating females were found in May; one of these had a single nestling 
and the other had 4 (3). There are also records of pregnancies in January and 
November (5). 

C. ]ac\soni Thomas. One record gives 2 large embryos at the end of 
December (6). 

C. leiicodon Hermann. A female mated on April 10 and again on May 2. 
Thirty-one days after the second mating 3 newborn young were found 
dead (7). 

C. Inna Dollman. Pregnant specimens of this shrew have been caught 
in March and April. The first of these had 2 embryos (8). 

C. occidentalis Pucheran. The giant swamp shrew has been found pregnant 
in January (9), March, and May (10). It has also been found nursing young 
in May and December (10). A long season is indicated. The number of 
young appears to be from 2 to 4. 

C. poensis Fraser. One record of a female (C. attila) taken in January 
gave 3 embryos (ii). 

C. russula Hermann. In Sardinia pregnancies are found from March to 
September and the litter size varies from 2 to 6 (12). The Japanese subspecies, 
dsi-nezumi Temminck, probably breeds more or less continuously through 
the warm months. Specimens with 3 and 5 embryos and a lactating female 
have taken on Quelpart Island in September (13). 

C. tiirba Dollman. One record gives a pregnant female taken in June (5). 

1. Shortricige, G. C. The Mammals of South West Africa. London, 1934. 

2. Marlow, B. J. G. PZS., 124: 803-808, 1954-5. 

3. Allen, G. M., and A. Loveridge. HMCZ., 89: 147-214, 1941-2. 

4. Lawrence, R., and A. Loveridge. HMCZ., no: 1-80, 1953. 

5. Frechkop, S. EPNU., 1944. 

6. Hollister, N. AM., 35: 663-680, 1916. 

7. Frank, F. Bonner Zool. licitr., 4: 187-194, 1953. 

8. Ansell, W. F. H. Ann. Mag. Nat. Hist., 12(10): 529-551, 1957. 

9. Heller, E. In G. C. Shortridge, The Mammals of South West Africa. London, 

1934- 

10. Frechkop, S. EPNA., 1943. 
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11. Eisentraut, M. Zool. Jahrb., Syst., 85: 619-721, 1957. 

12. Kahmann, H., and J. Einlechner. Zool. Anz., 162: 63-83, 1959. 

13. Knox, Jr., J. J. Mammal. Soc., Japan, i: 105-114, 1959. 


S line us mur intis L. 

MOUSE SHREW 

In Malay 50 per cent of the males arc fertile at a weight of 31.5 ± .1 g. and 
95 per cent at 46.1 ±: .1 g. Most pregnancies are found from October to 
December, but many occur in other months (i). On Guam they probably 
breed the year-round (2). The mean embryo number is 2.7, with a mode of 
2 and 3, and range from i to 5. They arc equally distributed in the two 
uterine horns (i). 

1. Harrison, J. L. PZS., 125: 445-460, 1955. 

2. Peterson, G. D. JM., 37: 278-279, 1956. 

Siincus lixiis Thomas. One record gives a female with 3 fetuses in January 

( 0 ; 

varilla Thomas. One record gives a female with 4 fetuses in October (2). 

1. Anscll, W. F. H. Ann. Mag. Nat. Hist., 12(10): 529-551, 1957. 

2. Lawrence, B., and A. Loveridge. HMCZ., no: 1-80, 1953. 


Sylvisorex 

FOREST SHREWS 

Sylvisorex granti Thomas. In Uganda a female with 2 suckling young 
was taken in January (i). 

S. megalura Jentink. A female with 2 near-term fetuses was taken in 
October (2). Another with 2 was taken late in January (3). 

5 . sorella Thomas. There are two records each of 2 large or medium-sized 
fetuses in January (3). 

1. Allen, G. M., and A. Loveridge. HMCZ., 89: 147-214, 1941-2. 

2. Anscll, W. F. H. Nat. Mus. Southern Rhodesia, Occ. Papers, 3: 351-398, i960. 



56 MAMMALIAN REPRODUCTION 

3. Allen, G. M., and H. ]. Coolidge, Jr. In R. P. Strong, The African Republic of 
Liberia and the Belgian Congo. Cambridge, Mass., 1930. 

4. Hollister, N. AM., 35: 663-^80, 1916. 


Myosorex varius Smuts 
MOUSE SHREW 


A female with 3 embryos was found in July (i). 

I. Cowles, R. B. JM., 17: 121-130, 1946. 


Diplomesodon pttlchellum Lichtenstein 
SPOTTED SHREW 


This shrew breeds once a year, so far as is known, and has 5 young born 
between April and August (i). 

I. Heptner, W. G., L, G. Morosowa-Turowa, and W, I. Zalkin. Die Saiigetiere in der 
Schutzwaldzone. Berlin, 1956. 


TALPIDAE 

DESMANINAE 
Desmana moschata L. 


This insectivore appears to breed all the year but the main season is 
in spring. Three to 5 young are born in a litter and the gestation period is 
45 to 50 days (i). 


I. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schutzwaldzone. Berlin, 1956. 
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Galemys pyrenaicus GeoflFroy 

Spermatogenesis is in progress from November to May. At the beginning 
of January the genital tract is fully developed and continues thus until May. 
There is a resting period from June to October but spermatozoa persists 
until August. Heat periods continue from January to June, births occur 
from March to July, and lactation continues into August. The litter size 
varies from i to 5, with 4 the usual number (i). 

The ovary does not bear an external spermatic segment as does the male, 
but the medullary zone resembles that of the male. Interstitial and thecal 
glands are present. The ovarian condition is regarded as that of a natural 
intersexuality (2). 

1. Peyre, A. Mammalia, 20: 405-418, 1956. 

2. Peyre, A. Soc. Zool. France, Bull. 77: 441-447, 1953. 


TALPINAE 
Talpa europaea L. 
COMMON EUROPEAN MOLE 


In Great Britain the common European mole breeds once a year, in spring 
or early summer (i), according to one report, but another gives the main 
season as lasting from the end of March, usually April, to early May. Oc¬ 
casionally later litters are born in August or September (2). The season 
begins a month later in Cheshire than it does in Suffolk (3). In France 
sexual activity extends from early March to June but 2 females captured 
in December were in full heat, with open vaginas but with follicles lacking 
antra (4). In Italy the season extends from February to April (5). In Russia 
it begins in mid-April and extends into August, though most young are 
born at the end of May (6). The females breed first in their second year, 
i.e., at a year after birth. The heat period probably lasts for 20-30 hours 
and, at this time, the utero-vaginal canal is filled with thick mucus. Normally 
the female has i litter a year but a few have a second heat. A few females 
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caught in May and June have been found to be pregnant, but only 2 to 3 
per cent of all the females are breeding at that time (7). 

The average litter size is 3.8 dz .1, with a standard deviation of 0.84 and 
a mode of 4 (2). Another account gives the number of embryos as 3.8 ib .13, 
mode 4 and range 2 to 6 (3). The gestation period is from 30 to 40 
days (8). 


HISTOLOGY OF THE FEMALE 

The ovaries are remarkable bodies. A type of tissue resembling interstitial 
tissue is massed separately from the true ovary. The capsule forms the outer 
layer of the interstitial part and pouches the ovigenous part, which is covered 
by germinal epithelium. There is also some interstitial tissue in the true 
ovary. Futhermore, in the uteri of a minority of moles, believed to be old 
ones, masses of tissue resembling interstitial cells are found. The ovarian in¬ 
terstitial gland has a definite cycle, which is opposite to that of the rest of 
the reproductive tract. It is least in size during heat and in pregnancy, which 
lasts about 4 weeks. The clitoris is pcniform and grows or diminishes with 
the interstitial tissue. The corpus luteum persists throughout pregnancy but 
disappears cjuickly during lactation (i). 

The vagina is closed except in the breeding season. Before it opens, the sur¬ 
rounding area becomes purplish blue and congested; when it is open this 
area swells. These changes commence in Great Britain in the first half of 
March and are complete by the end of the month. The vagina begins to 
close immediately after parturition. The vaginal canal is a solid epithelial 
strand, 5 cells thick, which increases to 6 to 15 cells as those at the center 
become stratified and desquamate to form the lumen. It closes by constric¬ 
tion of the surrounding muscle fibers. There is no os uteri, and the cornua 
open into a median uterovaginal canal which is open for about 15 mm. 
and closed for the caudal 5 mm. As this canal grows in proestrum, it doubles 
in length and assumes a sigmoid curve. It diminishes in length as soon as 
the animal becomes pregnant (i). 

The oviducts lie mostly in the wall of the ovarian capsule. The uterine 
cornua increase in length during the breeding season, and, during heat, the 
blood vessels in the endometrium greatly develop, especially on the meso- 
metrial side, and on this side, also, the circular muscle hypertrophies (i). 

The placentas are not shed at parturition but are reabsorbed (3). 
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THE MALE 

The testes weigh least in June. There is a slow increase to January, then 
rapid growth. Spermatogenesis is at its maximum in late February and 
early March when the testes weight 2 g. A rapid decline then sets in and 
they weigh only 600-700 mg. by late March (7). The interstitial tissue of 
the testis is large and is bathed in plasma from March to mid-April. At the 
end of this time these cells begin to be laden with yellowish-brown pigment. 
In May the plasma has disappeared, and there is little further change until 
the following January, except that the pigment does not appear to persist 
throughout the nonbreeding season. The prostate and the corpus spongiosum 
enlarge from the end of January and are at their maximum at the end of 
March and the beginning of April. They have diminished to their minimal 
size by the end of May (9). The level of lipids is high in the Leydig cells 
during the breeding season. At their maximum the seminiferous tubules 
measure 250 /x in diameter (10). 

1. Matthews, L. H. PZS., 347-383, 1935. 

2. Barrett-Hamilton, G. E. H. A History of British Mammals. London, 1910. 

3. Godfrey, G, K. JM., 37: 438-440, 1956. 

4. Godet, R. CRAvS., 224: 498-499, 1947. 

5. Balli, A. Riv. Biol., 29: 35-55, 1940. 

6. Baskirov, I. S., and }. V. Zarkov. Ucen. Zap. Kazan Univ., 94: 1-66, 1934. 

7. CJodfrey, G. and P. Croweroft. The Life of the Mole (Talpa europaea Linnaeus). 
London, i960. 

8. I leptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schiitzwaldzone. Berlin, 1956. 

9. Courrier, R. AB., 37: 173-334, 1927- 

10. Lofts, B. QJMS., loi: 199-206, i960. 


Mogera latouchei Thomas 


This mole mates in March. It has 4 to 6 young at a time and the gestation 
period is 6 weeks (i). 

I. Ho, H. J. Contr. Biol. Lab., Sci. Soc. China, Zool. Ser. ii: 123-164, 1935. 
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SCALOPINAE 
Neurotrichus gibbsii Baird 


This mole breeds from February to September and the number of young 
is from i to 4 (i). 

I. Dalquist, W. W., and D. R. Orcutt. AMN., 27: 387-401, 1942. 


Parascalops breweri Bachman 
HAIRY-TAILED MOLE 


The hairy-tailed mole of eastern North America mates from the end of 
March to the first week of April and has one litter a year (1). The litter size 
is usually 4, but one female with 8 embryos has been reported (2). The gesta¬ 
tion period lies between 4 and 6 weeks (i). 

The vaginal orifice is closed except during the reproductive season; it 
is open before mating and is closed by September. The testes are enlarged 
early in March, decrease rapidly to June, and then gradually subside to their 
minimum size in September and October (i). These moles are sexually 
mature in the spring following their birth (3). 

1. Eadic, W. R. JM., 20: 150-173, 1939. 

2. Richmond, N. D., and H. R. Rosland. Mammal Survey of N. W. Pennsylvania. 
Harrisburg, Pa., 1949. 

3. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N. Y., 1943. 


Scapan US 

WESTERN MOLE 


Scapanus orarius True. In British Columbia this mole mates from January 
to early March and the young are born in March or April. Yearling females 
usually have 2 embryos, two-year-olds have 3, and older ones, 4 (i). 



INSECTIVORA 


6i 


S, townsendti Bachman. The breeding season of Townsend’s mole is in 
February and the one litter a year is born in late March. The number of 
young is usually from 2 to 4 (2). Embryo counts gave a mean of 3.0 rh .25, 
with a mode of 3, range 2 to 6 (3). 

1. Glendcnning, R. Canadian J. Anim. Sci., 39: 34-44, 1959. 

2. Bailey, V. NAF., 55: 1936. 

3. Moore, A. W. JM., 20: 499-501, 1939. 


Scaloptis aquaticus L. 
COMMON AMERICAN MOLE 


The breeding season of the mole is a limited one, with most females being 
bred in a period of 3 to 4 weeks. In Wisconsin the peak of breeding is in 
the last week of March and the first week of April. In Missouri it is about a 
month earlier, i.e., in February and the first week of March. In southern 
Indiana and Arkansas the season is also earlier. Young females do not breed 
in their year of birth. Usually there is i litter a year but possibly, though 
not certainly, some females may bear a second. Ovulation is probably coitus- 
induced. The gestation period probably lasts for 4 weeks or less. The number 
of postimplantation embryos averaged 3.91, with a marked mode of 4, 
while the average number of corpora lutea was 4.3, with a spread of from 
3 to 7. Sometimes internal migration of blastocysts occurs and some em¬ 
bryonic mortality has been observed (1). 

The vagina is closed until the ovary contains follicles with antra. At the 
time of heat the vaginal orifice is very white and avascular, in distinction to 
its appearance after ovulation, when the lips become reddish (i). 

The testes of the juvenile males increase in size to June, after which 
they remain constant, about 100-200 mg. in weight, until early November. 
By the beginning of January they have increased tenfold in weight. They 
begin to decrease immediately until mid-July, when they weigh less than 
400 mg. These changes occur a little later in Wisconsin. In juvenile males the 
interstitial cells increase greatly in size in the summer and they are smallest 
during the breeding season. These cells are foamy and vacuolated, with scat¬ 
tered pigment granules. 

In Missouri the first spermatozoa appear in late December and regression 
of the seminiferous tubules is observed in June or July. The prostate is 
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smallest in fall. The regressed gland may be distinguished from the infantile 
one by its greater content of connective tissue. Hypertrophy begins in late 
fall, and the gland is at its maximum by the end of December or January. 
Spermatozoa may be found in the epididymis for 2 weeks after spermato¬ 
genesis has ceased (i). 

I. Conaway, C. H. JM., 40: 180-194, 1959. 


CONDYLURINAE 
Condylura cristata L. 
STAR-NOSED MOLE 


The star-nosed mole breeds in the first year of its life. The testes begin 
to grow in mid-January and enlarge to a length of 24 mm. They begin to 
reduce in May and by August have shrunk to 8 to 12 mm. long. Mature 
sperm are found by late February and the accessory organs are active by 
the middle of that month. Embryos may be found by mid-March and young 
are born from late March to early August. The number of embryos has 
ranged from 2 to 7 with an average of 5.4 {n=z2^). Males and females 
alike have swollen tails just before the breeding season and during its height 
( 0 - 

I. Eadie, W. R., and W. J. Hamilton, Jr. JM., 37: 223-231, 1956. 



Dermoptera 

CYNOCEPHALIDAE 

Cynocephalus variegatus Audebert 
FLYING LEMUR 


D uring proestrum (?) the uterus of the Malayan flying lemur is 
hyperemic, the capillaries are congested, and blood is extravasated. 
There is a little local denudation of the epithelium, which may occur in any 
part of the uterus (i). One young is born at a time (2). The gestation period 
has been given as 60 days (3). 

I. Herwerden, M. van. Tijdschr. Ned. dierk. Vereen., 10: 1-140, 1906. 

2. Blanford, W. T. The Fauna of British India. Mammals. London, 1889-91. 

3. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 


^3 



Chiroptera 


/^^UR knowledge of reproduction in bats has increased greatly in the past 
15 years, and it is now possible to compare families in this respect. 

Among those species that have been most thoroughly investigated, the 
Pteropidae have prolonged breeding seasons. Short seasons have been sug¬ 
gested for many species without much investigation. The gestation period 
is fairly long, 4 or 5 months, and the single young is general. There is no 
sign that one ovary functions more frequently than the other. 

In Rhinopomatidae the single young is born after a short gestation. In 
Emballuronidae most species breed all the year. A single young is the rule 
and both ovaries are alive. In Nycteridae a long season, single young, and 
a short pregnancy prevail. In Megadcrmatidae the left ovary functions: pos¬ 
sibly a prolonged season and a long gestation may be the pattern. In the 
Rhinolophidae and Hipposideridae the right ovary functions; the number of 
young is variable, i to 2 as a rule, mating is in the autumn, and ovulation 
is in the spring with storage of spermatozoa in the uterus during the winter. 
There may be a tendency for the corpus luteum to disappear during the 
short pregnancy. 

In Phyllostomatidae two well-defined groups are found. In one group 
single young are usual, with a prolonged breeding season, possibly lasting 
all year. In the other group a restricted season with a long gestation and 
delayed development of the embryo may be the rule. 

In Desmodontidae a single young, in either horn of the uterus, a long 
gestation, and year-round breeding are usual. Vespertilionidae have a re¬ 
stricted season in the temperate zone but usually breed all the year round in 
the tropics. Both ovaries are functional but implantation is frequently only 
in the right horn. Miniopterus is an exception as ovulation is from the right 
ovary. The number of young is variable, much more so than in any other 
family. From i to 4, but usually i or 2, young are born at a time. In 
temperate-zone species mating is in the fall and ovulation in the spring. 
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with sperm storage in the uterus, and with a short gestation. Spring matings 
are also made but these are not essential for fertility. 

The Molossidae have single young, usually implanted in the right horn. 
The breeding season may be either restricted or prolonged, depending on 
the species. 

The fact that many bats are night flyers which during the day rest in 
places with very subdued light suggests an extreme sensitivity to light. The 
breeding patterns in the Rhinolophidae, Hipposideridae, and Vespertilionidae 
suggest that F.S.H. secretion decreases with the lower light values of fall 
months while L.H. secretion continues. Spermatogenesis ceases but the male 
accessory organs continue to function. Only in the spring, with increasing 
light, does ovulation occur—this at present seems somewhat paradoxical. 
Careful investigation of the bat pituitary gland and of its relations with 
the hypothalamus and with outside stimuli would be well worth while. 


MACROCHIROPTERA 

PTEROPIDAE 

PTEROPINAE 
Cynopterus sphinx Vahl 
WHITE-EARED FRUIT BAT 

There is some discrepancy in the descriptions of the breeding season of 
this Indian bat. One account places the mating period in October or early 
November, but with some spread, as some November and December speci¬ 
mens carry embryos in the same stage of development. Parturition follows 
in late February or early March after a gestation period of 115-125 days. 
One young at a time is the rule (i). The species breeds only once a year (2). 

According to another account the testes are permanently abdominal and 
they, together with the accessory organs, enlarge in December in preparation 
for the breeding season (3). Birth takes place in March, with a post-partum 
heat and a new pregnancy in April. Two or more pregnancies follow in 
quick succession. Follicles ripen alternately in the right and left ovaries and 
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the pregnancy is in the corresponding uterine horn. The corpus luteum 
persists until parturition and the gestation period is about 5 months (4). A 
record in the London zoo gives a single young born in March (5). 

1. Moghe, M. A. Proc. Nat. Inst. Sci., India, 22B: 48-55, 1936. 

2. Gopalkrishna, A., and M. A. Moghe. Proc. Nat. Inst. Sci., India, 26B (suppl.): 
ir-19, i960. 

3. Vamburkar, S. A. PZS., 130: 57-77, 1958. 

4. Ramakrishna, P. A. Current Science, 16: 186, 1947. 

5. Zuckerman, S. PZS., 122: 827-950, 1947. 

Cynopteriis hrachyotis Muller. In India nearly all females are pregnant 
in the months June to September (i). The young are born in September (2). 

1. Lyon, M. W. Proc. Nat. Mus., United States, 33: 547-571, 1908. 

2. Baker, J. R., and Z. Baker. }. Linn. Soc., Zool., 40: 123-141, 1936. 


Rousettus 
FRUIT BATS 


Rousettus aegyptiacus Geoffroy. Captive bats of this species have bred 
the year-round in Egypt. In the wild they mate in September and October 
and the single young is born in February or March (i, 2). According to 
another account mating takes place at the end of April and the young are 
born from February to November (3). 

R. angolensis Bocage. In the Cameroons this bat mates in September and 
the young are born in December and January (4). 

R. leachi A. Smith. In the London zoo this bat has given birth to young 
all year-round. In 73 births singles were usual, with twins at i birth in 4 (5). 

R. leschenaulti Desmarest. Young are numerous in March; there is a 
second birth period in July and August but only a few are born at this 
time. None are born from September to February. A single young is the 
usual number (6). 

R, scfninudus Gray. In Ceylon this bat has i young at a birth. Gestation 
is believed to last for 15 weeks (7). 

R, (Myonycteris) wroughtoni Andersen. Half-grown young have been 
recorded in September (8). 
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1. Baker, J. R., and Z. Baker. J. Linn. Soc., Zool., 40: 123-141, 1936. 

2. Anderson, J. The Mammals of Egypt. London, 1902. 

3. Kiilzcr, E. Zeit. Morph. Okol. Tiere, 47: 374-402, 1958. 

4. Eiscntraut, M. Mitt. Zool. Mus., Berlin, 25: 245-274, 1941. 

5. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

6. Brosset, A. Mammalia, 26: 166-213, 1962. 

7. Phillips, W. W. A. Ceylon J. Sci., 13B: 1-63, 1924-6. 

8. Vcrschuren, J. EPNG., 1957. 


Pteropus geddiei MacGillivray 
FLYING FOX 


This flying fox in the New Hebrides conceives in February and March, or 
possibly in June and July. The young are born from late August to early 
September. There are no pregnancies from November to January. The male 
is suddenly sexually mature at 600 g. body weight. Spermatogenesis occurs 
all year-round, but the testes weigh least in July and most in January (i). 
The interstitial cells of the testes are most numerous and are largest during 
the month of copulation and for three months previously, i.e., from October 
to February. From March to June they are moderate in number and size, 
and in July and August they are at their minimum (2). 

1. Baker, J. R., and Z. Baker. J, Linn. Soc., Zool., 40: 123-141, 1936. 

2. Groome, J. R. PZS., iioA: 37-42, 1940. 


Pteropus gigantcus Bruenn 
INDIAN FRUIT BAT 


In the Central Provinces this bat apparently mates in late August and early 
September. During this time, and not earlier, one horn of the uterus, and 
one horn only, contains spermatozoa. Pregnancy starts immediately and birth 
takes place at the end of January or early in February after a gestation of 
140 to 150 days (i). In Ceylon conceptions occur from early December to 
early January, and birth takes place in late May or early June after a gesta¬ 
tion of about 6 months (2). Another account puts birth in India from the 
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end of March to the end of April (3). Copulations have been observed on 
January 25 in India (4). In the London zoo births have occurred from 
December to June (5). The number of young is always i and pregnancy 
occurs in either horn of the uterus with equal frequency (2). This bat breeds 
once a year (6). 

Both ovaries and uterine horns are functional. One egg is released after 
the female has copulated. The progestation reaction starts while the ovum 
is still in the oviduct and is apparent only in the corresponding horn. The 
reaction is confined to the region of the uterus nearest the utero-tubal junc- 
tion (7). 

The epididymis contains spermatozoa all the year, but the number is 
greatest from August to December and least in April and May. The testes 
weight at the height of the season is <S.5 g. It is least, 4.1 g., in April (2). 

1. Moghe, M. A. PZS., 121: 703-721, 1951-2. 

2. Marshall, A. J. Proc. Linn. Soc., 159: 103-111, IQ47. 

3. Baker, J. R., and Z. Baker. J. Linn. Soc., Zool., 40: 123-141, 1936. 

4. McCann, C. J. Bombay Nat. Hist. Soc., 42: 587-592, 1941. 

5. Zuckerman, S. PZS., 122: 829-950, 1952-3. 

6. Gopalkrishna, A., and M. A. Moghe. Proc. Nat. Inst. Sci., India, 26B (suppl.): 
11-19, i960. 

7. Marshall, A. J. JE., 9: 42-44, 1953. 

Pteropus alecto Temminck. Two females, each with i embryo, were 
captured in July. This is an Indonesian species (i). 

P. arid G. M. Allen. In this Maidive species the young are born in 
April (2). 

P. conspicHlatiis Gould. This New Guinea species has been recorded as 
pregnant in August. The three females examined each had i embryo (i). 
It breeds about May (3). 

P. eotinits Andersen. The remarks made under P. geddiei apply to this 
species (4). 

P. gotddi Peters. This North Australian species mates in March and April. 
The young are born in September and October (4). 

P. melanotus Rlyth. In the Nicobar Islands this species mates in October 
and the young are born in February and March (4). One-third-grown young, 
I to a female, have been reported in March (2). In Borneo single nursing 
young may be found from December to March (5). 

P. natalis Thomas. Females of this Chri.stmas Island species have been 
reported as carrying fetuses, some of them near term, towards the end of 
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December. Well-grown young, still with the females, were found at the end 
of July (2). 

P, niger Kerr. On Reunion Island the females mate in May and the young 
are born at the end of October (4). One young is born after a gestation of 
to 5 months (2). 

P, ornatus Gray. In New Caledonia the number of pregnancies is greatest 
from June to September; the young are born by October after a gestation 
of about 6 months. One young is born at a time. Puberty is reached at 2 
years (6). 

P. poliocephalus Temminck. The red-necked fruit bat of Australia breeds 
in March or April and has its young in October (3). In the London zoo the 
birth of I young in October has been recorded (7). 

P. ruftis Geofiroy. An October record has been made of three females, 
each with 2 embryos (8), an unusual number for this genus. 

P. scapulatiis Peters. In Queensland this species mates in September and 
October (4). Birth is probably in April, after an October mating (3). There 
is a record of a female with i embryo taken in August (i). 

P, subniger Kerr. On Reunion Island this species mates in May and the 
young are born at the end of October (4). 

1. Tate, G. H. H. AM., 102: 199-^03, 1953. 

2. Anciersen, K. Catalogue of ilie Chiroptcra in the l^ritish Museum. London, 1912. 

3. RatclifTe, F. N. CSIRO., Australia, Hull. 53, 1931. 

4. Raker, J. R., and Z. Raker, J. Linn. Soc., Zook, 40: 123-141, 1936. 

5. Ranks, E. J. J. Malay. Rr. Roy. Asiatic Soc., 9(2): 1-139, 1931. 

6. Sanborn, C. C., and A. J. Nicholson. Fieldiana Zook, 31: 313-338, 1950. 

7. Zuckerman, S. PZS., 122: 829-950, 1952-3. 

8. Rand, A. L. JM., 16; 89-104, 1935. 


Epomophorus anurus Heuglin 


Pregnant and lactating females of this African bat are found during most 
of the year if not the year-round. Spermatogenesis and spermatozoa were 
found in males captured from August to January. None were taken during 
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the rest of the year. The female has i young at a time and the corresponding 
ovary contains the corpus luteum (i). 

The ovary contains practically no interstitial cells, and no neogenesis 
of ova was found. At the beginning of gestation the corpus luteum contains 
blood at its center; this is gradually replaced by connective tissue. During 
pregnancy the chromophobes of the anterior pituitary swell, and much 
ribonuclein is deposited in them so that they may be confused with basophils. 
Many of them contain fine rose-colored granules, as shown by the Cleveland- 
Wolfe stains. These cells are transformed into erythrosinophils (i). 

I. Hcriant, M. Ann. Soc. Roy. Zool. de Beige, 84: 87-116, 1953. 

Epomophorus angolensis Gray. The newborn single young is found in 
September and October. Twins are rare (1). 

£. crypturus Peters. In Mozambique the young are born in October (2). 
One at a time is the rule (3). 

£. franqueti Tomes. This bat has no restricted breeding season (4, 5). 

E, gambianus Ogilby. There is a June record of pregnancies with single 
2-3 cm. embryos (4). 

£. labiatus Temminck. One female with a large fetus was taken in 
February (6). 

£. wahlbergi Sundevall. One young is born at a time (7). 

E. (Epomops) dobsoni Bocage. This epaulette bat has 2 young at a 
time (8). 

E. {Hypsignathus) monstrosiis H. Allen. In the Cameroons this species 
mates in the second half of October (9). Embryos have been found in May 
and December (lo). 

E. {Micropteropiis) pusillus Peters. A single embryo has been reported in 
February and lactating females in May (10). 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. Baker, J. R., and Z. Baker. J. Linn. Soc., Zook, 40: 123-141, 1936. 

3. Loveridge, A. J. East Africa and Uganda Nat. Hist. Soc., 17: 39-69, 1922. 

4. Aellen, V. Mem. Soc. Ncuchateloisc des Sci. Nat., 8(1): 1-121, 1950. 

5. Lang, H., and J. P. Cliapin. AM., 37: 497-563, 1917. 

6. Allen, G. M., B. Lawrence, and A. Loveridge. HMCZ., 79: 31-126, 1935-7. 

7. FitzSimons, F. W. The Natural History of South Africa. Mammals. London, 
1919. 

8. Hill, J. E. JM., 22: 81-85, 1941. 

9. Eiscntraut, M. Mitt. Zool. Mus., Berlin, 25: 245-274, 1941. 

10. Vcrschuren, J. EPNG., 1957. 
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Casinycteris orgynnis Thomas 

There is a record of a single fetus in a female captured in April (i). 
I. Lang, H., and J. P. Chapin. AM., 37: 497-563, 1917. 


Eidolon helvum Kerr 

In the Cameroons this species mates in October and November, at the end 
of the rains. Birth takes place from mid-February to mid-March after a 
pregnancy of 4 months (i), 

I. Eisentraut, M. Mitt. Zool. Mus., Berlin, 25: 245-274, 1941. 


MACROGLOSSINAE 
Macroglossus lagochilus Matschie 


In India this species gives birth in August (i). 

I. Baker, J. R., and Z. Baker. J. Linn. Soc., Zook, 40: 123-241, 1936. 


Notopteris macdonaldt Gray 

This bat usually has one young at a time; in New Caledonia most births 
occur in August (i). 

I. Sanborn, C. C., and A. J. Nicholson. Ficldiana Zook, 31: 313-338, » 95 o- 
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MICROCHIROPTERA 

RHINOPOMATIDAE 

Rhinopoma 

MOUSE-TAILED BAT 


Rhinopoma hardwicJ{ei Gray. In India early embryos were found in May, 
and 3 females gave birth to their young in July (i). Another account gives 
June as the prevailing month of birth (2). 

R. hjnneari Wroughton. In Gwalior this bat breeds once a year, from 
April to July. Pregnancy may occur in either horn of the uterus (3). Another 
account gives the mating season in March. A single young is born (4). Birth 
is in August (i). 

/?. microphyllum Briinnich. The young are born in June (2). 

1. Prakash, I. JM., 41: 386-389, i960. 

2. Brossct, A. Mammalia, 26: 166-213, 

3. Srivastava, S. C. Proc. Zool. Soc,, Bengal, 5: 105-131, 1952. 

4. Gopalkrishna, A., and M. A. Moghe. Proc. Nat. Inst. Sci., India. 26B (suppl.): 11-19, 
i960. 


EMBALLURONIDAE 

EMBALLURONINAE 
Coleitra afra Peters 
SHEATH-TAILED BATS 


This bat has i young at a time. The ovarian capsule is completely closed 
and the female has a very well marked prostate gland (i). There is a record 
of a December pregnancy (2). 

1. Matthews, L. H. PZS., iiiB: 289-346, 1941. 

2. Vcrschurcn, J. EPNG., 1957. 
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Rhynehonycteris naso Wied 
SHARP-NOSED BAT 


This Central American bat probably breeds more than once a year and 
the distribution of embryos suggests an irregular, or no, season. Pregnancies 
have been found in January, February, April (i), and May (2). One young 
at a time is the rule (1). 

1. Dalquest, W. W. Texas f. Sci., 9: 219-226, 1957. 

2. Burt, W. H., and R. A. Stirton. Univ. Michigan Mus. Zool., Misc. Publ. 117, 1961. 


Saccopteryx 


Saccopteryx hilincata Temminck. The white-lined bat of Central America 
has I young at birth and pregnancies have been observed in March, April, 
and May (1-4). Pregnancies have also been found from March to July 
and lactating females in June and July (5). 

S. leptura Schreber. Pregnant females have been found in May (5). 

S. {Peropteryx) canina Wied. One young at a time is the rule and preg¬ 
nancies have been found in March and April (r). 

5 . (P.) macrotis Wagner. F'ivc females, each with a single embryo, were 
taken in April (6). 

5 . {Balanopteryx) io Thomas. In Mexico lactating females were found 
at the end of July (7). 

5 . (B.) plicata Peters. In Central America pregnant females are found in 
March and April, while young are present in May (3). In Mexico embryos 
have been found in June (H), while in July they are advanced in pregnancy 
or carrying young, of which there is usually i (9). 

1. Murie, A. Univ. Michigan Mus. Zool., Misc. Publ. 26, 1935. 

2. Hall, E. R., and W. B. Jackson. Univ. Kansas Mus. Nat. Hist, Publ. 5: 646, 1953. 

3. Felten, H. SB., 36: 271-285, 1955. 

4. Enders, R. K. HMCZ., 78: 385-502, 1935. 

5. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 

6. Dalquest, W. W., and E. R. Hall. JM., 30: 424-427* i 949 - 

7. Baker, R. H., and J. K. Greer. JM., 41: 4 i 3 - 4 i 5 > i960. 
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8. Davis, W. B., and R. J. Russell. JM., 33: 234-239, 1952. 

9. Davis, W. B. JM., 25: 370-402, 1944. 


Taphozous longimanus Hardwicke 
INDIAN SHEATH-TAILED BAT 


This species breeds the year-round and has a quick succession of preg¬ 
nancies. The horns alternate in their function and the single ovum is shed 
from the ovary corresponding to the pregnant horn. In the mature follicle 
only I layer of cells surrounds the ovum (i). 

I. Gopalkrishna, A. Proc. Nat. Inst. Sci., India, 21B: 29-41, 1955. 


Taphozous mauritanus Geoffroy 

In Madagascar pregnancies have been recorded for December and Janu¬ 
ary (i). In the Belgian Congo fetuses near term were found in April and 
May, which is the usual time of birth in that region. A single young is the 
rule. The male reproduction tract is well developed in December, is inter¬ 
mediate in March and April, and is much reduced in July (2). 

1. Kaudern, W. AZ., g(i): 1-22, 1914. 

2. Verschuren, J. EPNU., 1957. 

Taphozous \achhensis Dobson. The single young is born between June 
15 and July 15 (i). 

T. melanopogon Temminck. The male reaches puberty at 6 months. The 
single young is born between April 15 and May 15 (1). 

T. perforatiis Hollister. One record of a single embryo was made in 
May (2). Parturition is in late May or early June. Many lactating females 
have been found in June. The species may be polyestrous (3) (.^). 

T. (Saccolaimus) peli Temminck. This African bat has been taken in 
June and December with single embryos (4). 

T, (S.) saccolaimus Temminck. In Ceylon this bat has been found with 
single young in the months of September, October, and November (5). 

I. Brosset, A. Mammalia, 26: 166-213, 1962. 
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2. Allen, G. M., B. Lawrence, and A. Loveridge. HMCZ., 79; 31-126, 1935--7. 

3. Harrison, D. L. Durban Mus. Nov., 5(11): 143-149, 1958. 

4. Lang, H., and J. P. Chapin. AM., 37: 497-563, 1917. 

5. Phillips, W. W. A. Ceylon J. Sci., 13B: 1-63, 1924-6. 


NOCTILIONIDAE 

Noctilio 


Noctilio labialis Kerr. One young is usually born at a time to the bulldog 
bat (i). 

N. leporinns L. Thirty instances of February pregnancies have been re¬ 
corded. Each had i embryo (2). In the Virgin Islands two May pregnancies 
have been reported (3). In Trinidad half the October males are in breeding 
condition with enlarged testes. Lactating females arc found late in February 
and early in March (4). 


1. Hall, E. R., and K. R. Kelson. The Mammals of North America. New York, 1959. 

2. Allen, G. M. JM., 18: 514, 1927. 

3. Goodwin, (k G, JM., q: i04-113, 1918. 

4. Goodwin, G., and A. M. Greenhall. AM., 122: 187-302, 1961. 


NYCTERIDAE 

Nycteris hispida Schreber 


This bat of central and West Africa has an incomplete capsule around the 
ovary and very few glands in the endometrium. The separate cervical canals 
open on a single cervix in the vagina. The lumens of the canals contain no 
glands. The young are born early in December, and there is probably an¬ 
other pregnancy shortly afterwards but not so soon as in N. luteola. There 
is very little erectile tissue in the penis (i). The females mate early in Janu¬ 
ary and there are many records of pregnancies in January and February, 
with fetuses near term in March and early April. Newborn young and lac¬ 
tating females have been recorded through April to June. In July the genital 
system is described as resting (2), but there is a record of pregnancy in Au¬ 
gust (3) and of newborn young, a few of them, in September. A single 
young is the rule (2). 
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1. Matthews, L. H. PZS,, iiiB: 289-346, 1941. 

2. Verschuren, J. EPNG., 1957. 

3. Lang, H., and J. P. Chapin. AM., 37: 497-^63, 1917. 


Nycteris luteola Thomas 


In this central and east African bat the ovaries are enclosed in capsules, 
each with a large lateral slit. The cortex is thin except at the poles, and the 
graafian follicles are crowded together at these points. When ripe, the 
follicles are 400 /x in diameter, with a large antrum. The subepithclial coat of 
the vagina is in long folds and the epithelium above them forms a uniform 
coat which, therefore, varies from 100 to 35 /x in thickness. This becomes 
immensely thickened and is cornified during heat. The oviducts are very 
coiled and tortuous. The endometrium contains few glands. The females are 
probably polyestrous and have more than one pregnancy a year. These occur 
in quick succession. There is no trace of a corpus luteum in the ovary during 
pregnancy after an early stage. One young is born at a time (i), and the 
female has a postparturient heat (2). 

The penis is covered with long, stiff hairs directed caudally. The prostate 
has lateroposterior parts only (i). 

1. Matthews, L. H. PZS., iiiB: 289-346, 1941. 

2. Matthews, L. H. Nature, 143: 643, 1939. 

Nycteris aethiopica Dobson. Nursing young have been found in Decem¬ 
ber (i). 

N. urge Thomas. Nearly adult young have been found in March and July, 
suggesting an extended breeding season (2). 

N, capensis A. Smith. There are records of pregnant females taken in 
August (3) and of females, each with a single fetus, found in October (4). 

N, damarensis Peters. There is a record of a female in December with a 
large fetus (i). 

N. grandis Peters. This bat mates early in January and the young are born 
at the end of March and the beginning of April. A few births occur, also, 
in September (2). 

N, nana Andersen. This bat mates early in December and as a rule the 
young, always single, are born in mid-March. One pregnant female has been 
reported in April (2). 
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N, pallida J. A. Allen. This bat probably breeds in December and the 
young are born in March. Some are born in September (2). 

N, thebaica Geoffrey. A female with a fetus near term has been recorded 
for the end of January, and one suckling 2 young early in February (5). 

1. Allen, G. M., and A. Loveridge. HMCZ., 75: 47-140, 1933-4. 

2. Verschuren, J. EPNG., 1957. 

3. Frechkop, S. EPNU., 1944. 

4. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

5. Allen, G. M., B. Lawrence, and A. Loveridge. HMCZ., 79: 31-126, 1935-7. 


MEGADERMATIDAE 

Megadcrma (Lyrodertna) lyra Geoffrey 
INDIAN VAMPIRE BAT 

The male attains puberty at age 15 months; the weight of the testes is then 
about 22 mg. The female breeds at 19 months. In July the testes begin to 
increase. They reach their maximum (to 316 mg.) in October, and after 
the mating season in November they decrease sharply in weight. Spermatozoa 
are found in the epididymis only during the breeding season. Conception 
takes place late in November and ovulation is always from the left ovary. 
One egg is released and implantation is always in the left horn. Birth takes 
place in April (1). 

Follicles with antra are found in the ovaries in September. Late in October 
the ovaries are large and firm. They are enclosed in capsules which are 
hyperemic. At this time 5-8 follicles with much liquor folliculi are present. 
The endometrium and uterine glands have hypertrophied. Fertilization takes 
place in the anterior part of the oviduct. Embryonic development begins 
immediately and there is no storage of spermatozoa in the female tract (1). 

The largest corpora lutca measure 900 /x in diameter. A small portion 
protrudes from the ovarian surface. Their decline is rapid, beginning soon 
after implantation. The luteal cells become elongated, vacuolated, and irregu¬ 
lar in shape (1). 

Breeding is once a year. Many multiovular follicles develop in the ovary, 
with up to 6 ova, probably due to the division of the oocyte (2). 

1. Ramakrishna, P. A. J. Mysore Univ., iiB: 107-118, 1951. 

2. Gopalkrishna, A., and M. A. Moghe. Proc. Nat. Inst. Sci., India, 26B (suppl.): 11-19, 

i960. 
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Megaderma spasma L. The breeding record resembles that of M, lyra. 
Mating is late in November and births about April (i). In Ceylon the season 
may be later than in India as females with single fetuses are found in 
May (2). 

M. (Cardioderma) cor Peters. This Ethiopian bat has a penis covered with 
hairs. The female usually has i young and the corpus luteum is exceptionally 
large. Each of two specimens examined had i fetus and 2 corpora lutea, one 
on each side (3). There is one report of a pregnant female taken in Decern- 
ber (4). 

1. Ramakrishna, P. A. J. Mysore Univ., iiB: 107-118, 1951. 

2. Phillips, W. W. A. Ceylon J. Sci., 13B: 1-63, 1924-6. 

3. Matthews, L. H. PZS., iiiB: 289-346, 1941. 

4. Verschuren, J. EPNG,, 1957. 


Lat/ia frons Geoffroy 


This bat mates at the end of December and the young are born early 
in April. A pregnancy has also been reported for July and young from Octo¬ 
ber onwards, so that the breeding season is {probably indefinite (1,2). Females 
with single fetuses have also been reported in July and August (3). 

1. Verschuren, J. EPNG., 1957. 

2. Lang, H., and J. P. Chapin. AM., 37: 497-563, 1917. 

3. Frechkop, S. EPNU., 1944. 


RHINOLOPHIDAE 

Rhinolophus jerriim-equinum Schreber 
GREATER HORSESHOE BAT 


The European horseshoe bat is in heat toward the end of October, and it 
copulates at this time. Spermatozoa are stored in the uterus and vagina 
throughout the winter. Ovulation occurs in mid-April (i). There is also 
said to be a spring copulation, so the question whether or not conception 
can result from a fall copulation has not yet been settled (2). 
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The ovary is enclosed in a capsule, and the right ovary only is functional; 
consequently, pregnancy is always on the same side. The mature follicle 
measures 350 and the ovum 70 m* The corpus luteum is buried in the ovary. 
When the bat is in heat, toward the end of October, the vaginal epithelium 
becomes cornified, but the follicles do not reach their maximum size until 
the time of ovulation. A copulation plug is formed by means of which most 
of the spermatozoa are stored until April, when the plug breaks up and 
is expelled. At the same time the vaginal epithelium, which has remained 
cornified, is desquamated. The corpus luteum is large and is not completely 
resorbcd until near the end of lactation. Only one egg is released at a time, 
and one young is born in late June and July. Females have only one heat 
period in a year, and are 15 months old at the beginning of their first heat. 
The males arc sexually mature at about the same time. The young are usually 
born in June (i). 

Graafian follicles are present in the nonfunctional left ovary, but they 
degenerate and do not rupture (1). 

The testes are active throughout the winter, and the spermatozoa are said 
to be stored in the female throughout this period in a pocket on the ventral 
surface of the vagina (3). 

Ovulation and fertilization may be produced in January by the injection of 
a gonadotrophic extract of the pituitary gland (4). 

1. Matthews, L. H. TZS., 23: 213-255, 1937. 

2. Raker, J. R., and Z. Baker. ). Linn. Soc., Zook, 40; 123-141, 1936. 

3. Rollinart, R., and E. L. Trouessart. CRSB., 52: 604-607, 1900. 

4. Herlant, M. Bull. Acad. Roy. de Belgique, 20: 359-366, 1934. 


RhinolophiiS hipposideros Bcchstein 
LESSER HORSESHOE BAT 


Adults of this European species mate in the fall and not in the spring, so 
spermatozoa are stored in the female tract throughout the winter (r). The 
reproductive tract of the females is in the estrous phase in January, and there 
is probably some spring mating of the first-year young, as some appear to give 
birth at i year. The 1 /2'year-old bats possess large follicles, and spermatozoa 
are found in the vagina at this heat. The (usually) single young is carried 
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in the right horn of the uterus and is born in June or July. About 35 per 
cent of the females give birth to twins and the rest to single young (2). 

The mature follicle measures 300 /a, and the ovum 70 /a. The corpus luteum 
is attached to the ovary by a peduncle (3). 

In the male spermatogenesis begins in July, and the interstitial cells and 
accessory organs are in an active state. In October spermatogenesis has ceased, 
but the interstitial cells are still active, while the accessory organs are more 
so than they were in July. In winter there is no spermatogenesis, the inter-^ 
stitial cells are voluminous but not as vacuolated as in October, and the ac¬ 
cessory organs continue to be well developed (4). 

1. Baker, J. R., and Z. Baker. J. Linn. Soc., Zool., 40: 123-14r, 1936. 

2. Sluiter, J. W. Proc. Kon. Ned. Akad. Wetensch., 63C: 383-393, i960. 

3. Matthews, L. H. TZS., 23: 213-255, 1937. 

4. Courrier, R. AB., 37: 173-334, 1927. 

Rhinolophtis geoffroyi A. Smith. This bat usually has t young, rarely 2(1). 
R. lepidus Blyth. In India the young are born between April 15 and 
May 15 (2). 

R. liictus Temminck. In India the young are born in April (2). In Ceylon 
a female with i embryo was found in January (3). 

R, megaphyllus Gray. In Australia the young are born in December (4). 

R, rouxi Temminck, In India the young are born in April. The females 
have one parturition a year (2), In Ceylon the single young is born in 
April or May (3). 

R. tragatus Hodgson. This Indian bat has 2 young, born towards the end 
of summer (5). 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. Brosset, A. Mammalia, 26; 166-213, i()62. 

3. Phillips, W. W. A. Ceylon J. Sci., 13B: 1-63, 1924-6. 

4. Purchase, D., and P. M. Hiscox. CSIRO (Australia) Wildlife Res., 5: 44-51, i960. 

5. Blanford, W. T. The Fauna of British India. Mammals. London, 1888-91. 


HIPPOSIDERIDAE 

Hipposideros 
HORSESHOE BATS 

Hipposideros abac J. A. Allen. In this African bat lactation is general in 
April (i). 
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H. armiger Hodgson. This Himalayan leaf-nosed bat breeds once a year. 
The pairs of young are born towards the end of summer (2). They probably 
breed in August. The male has a very strong odor, absent in the female (3). 

H. beatus Andersen. In this African bat birth is from March to April, and 
the females caught during late April were lactating (i). 

H, bicolor Temminck. Three pregnant females were taken in March. One 
young is the usual number (4). According to another account they breed once 
a year and mate in March (5). The female has a brilliant coloration in the 
breeding season (6). 

H, caffer Siindeval. In this African bat the penis is curved and is covered 
with hairs. The vas deferens has a conspicuous ampulla which is a blind 
diverticulum. The urethral glands are very well developed (7). There is al¬ 
ways 1 young. Mating is probably in December and birth is in the third 
week of March (t). 

H. Cyclops Temminck. This bat mates at the end of December and the 
single young is born in mid-March (1). Embryos have been recorded in 
January and young in April (8). 

H. galeritus Cantor. In Ceylon the single young is born early in April (4). 
H. lanl{adiva Kelaart. In India the young are born in May or June (9). 

H, nanus J. A. Allen. Births in this African species are in the period 
February to April (i), 

H. speoris Schneider. The single young is born in May (9). A probable 
birth period in July has also been suggested, as several females with young 
were caught during the first days of August (4). 

1. Verschuren, J. EPNG., 1957. 

2. Blanford, W. T. The Fauna of British India. Mammals. London, 1888-91. 

3. Hinton, M. A. C., and H. M. Lindsay. ). Bombay Nat. Hist. Soc., 31: 383-403, 1926. 

4. Pliillips, W. W. A. Ceylon J. Sci., 13B: i- 63 » 

5. Gopalkrishna, A., and M. A. Moghc. Proc. Nat. Inst. Sci., India, 26B (suppl.): 
11-19, i960. 

6. Barrett-Hamilton, G. H. E. A History of British Mammals. London, 1910. 

7. Matthews, L. H. PZS., iiiB: 28(^-346, 1941. 

8. Lang, H., and J, P. Chapin. AM., 37: 497 - 5 ^ 1917* 

9. Brosset, A. Mammalia, 26: 166-213, 1962. 


Triacnops afer Peters 


This bat, which is indigenous to Kenya, has i young at a time. No 
corpus luteum could be found in pregnant specimens, but the amount of 
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ovarian stroma was slightly increased. The ovarian capsule is not closed, 
and the oviduct has a double sigmoid curve. The glans penis has flattened 
lobes. There is no scrotum (i). December embryos have been reported (2). 

1. Matthews, L. H. PZS., iiiB: 289-346, 1941. 

2. Verschuren, J. EPNG., 1957. 


PHYLLOSTOMATIDAE 

CHILONYCTERINAE 
Chilonycteris 
LEAF-LIPPED BATS 


Chilonycteris per sonata Wagner. In this Central American bat fertile males 
have been found in December and January (i). Females with i embryo each 
were taken in May (2). 

C. rubiginosa Wagner. In Central America most females are pregnant 
with a single embryo in January (i). Pregnant females have also been taken 
in February (3), March (4), and May (2). In Trinidad young are present 
in May (5). A restricted season for these bats is probable. 

1. Pel ten, H. SB., 37: 69-86, 1956. 

2. Cockrum, E. L. Trans. Kansas Acad. Sci. 58: 487-511, 1955. 

3. Bloetlcl, P. JM., 36: 232-235, 1955. 

4. Burt, W. H., and R. A. Stirton, Univ. Michigan Mus. Zool., Misc. Publ. 117, 1961. 

5. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 


Pteronotus 


Pteronotus davyi Gray. Fertile males of this Central American bat have 
been recorded for December and January. March and September males were 
not fertile (1). Embryos have been reported in March and May (i, 2). 
Spermatozoa were found in a female taken in January (i). A single young 
is the rule (2). 

P, suapurensis J. A. Allen. Fertile males have been found in December, 
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and a female with i embryo in May. Spermatozoa were found in a female 
taken in January (i). In March single embryos have been reported for El 
Salvador (3). 

1. Felten, H. SB., 37: 69-86, 1956. 

2. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

3. Burt, W. H., and R. A. Stirton. Univ. Michigan Mus. Zool., Misc. Publ. 117, 1961. 


Mormoops megalophylla Peters 
CINNAMON BAT 


This Central American bat has been found with single embryos from 
March to June (1-5). In Trinidad lactating females have been found in 
March (6). 

1. Cockrum, E. L. Trans Kansas Acad. Sci., 58: 487-511, 1955. 

2. Burt, W. H., and R. A. Stirton. Univ. Michigan Mus. Zool., Misc. Publ. 117, 1961. 

3. Hall, E. R., and K. R. Kelson. The Mammals of North America. New York, 1959. 

4. Beatty, L. D. JM., 36: 290, 1955. 

5. Baker, R. H. Univ. Kansas Mus. Nat. Hist., Publ. 9, 125-335, I 95 ^* 

6. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 


PHYLLOSTOMATINAE 

Micronyctcris 


Micronycteris brachyotis Dobson. In Trinidad breeding males have been 
found in May and June (1). 

A/, hirsnta Peters. In Trinidad pregnant females have been taken in March 
and May. In May one had just given birth to a single young (i). 

M. megalotis Gray. In Trinidad pregnant females have been taken in 
February and March. A lactating female was found in June (i). In El Salva¬ 
dor a pregnant female was found in March (2). 

M. miniita Gervais. Pregnant and lactating females have been reported 
for Trinidad in May (i). 

M. nicefori Sanborn. In Trinidad breeding males were found in Octo¬ 
ber (1). 
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1. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 

2. Burt, E. R., and R. A. Stirton. Univ. Michigan Mus. ZooL, Misc. Publ. 117, 1961. 


Macrotus californicus Baird 
LEAF-NOSED BAT 

The males of this bat do not reach puberty in their first year but the fe¬ 
males arc impregnated in their first fall. The male sex organs are active in 
summer and fall but spermatogenesis has ceased by the end of November. By 
the end of September or October most females are pregnant with a single 
embryo (i). There is a slow growth of the embryo and the placenta through 
the winter; rapid growth sets in in March, with birth taking place in June. 
This is regarded as an instance of delayed development ( 2 ). One twin was 
recorded in 68 pregnancies (i). 

1. Bradshaw, G. V. R. Mammalia, 25: 117-119, 1961. 

2. Bradshaw, G. V. R. Science, 136: 645-646, 1962. 

Macrotus mexicanus Saussure. Single embryos have been reported in 
February, March, and May (i). 

I. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 


honchorhina aurita Tomes 
LONG-EARED BAT 


This bat has been found pregnant in February and March (i) and also in 
April ( 2 ). 

1. Blocdel, P. JM., 36: 232-235, 1955. 

2. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 


Macrophyllum macrophyllum Wied 


The males of this Central American bat are fertile in December (i). 
I. Felten, H. SB., 37: 179-212, 1956. 
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Tonatia bidens Spix 

Pregnant females have been found in Trinidad in the month of May (i). 

I. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 


Mimon crenulatum Geoffrey 

Two pregnant females have been found in March (i). 
I. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 


Phyllostomus discolor Wagner 
JAVELIN BAT 


Males in breeding condition have been found in Trinidad in January, 
August, and October (i). In Central America they have been reported for 
several months of the year (2). In Trinidad pregnant females have been 
taken in February, March, June, and August. Lactating females were found 
in August, September, and October, and females with young in August and 
October (1). In Central America the species probably breeds all year-round 
(2). In El Salvador young of various ages, and also a pregnant female, were 
obtained in December (3). In Colombia pregnant females were found in 
October (4). 

1. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 

2. Felten, H. SB., 37: 179-212, 1956. 

3. Burt, W. H., and R. A. Stirton. Univ. Michigan Mus. Zool., Misc. Publ. 117, 1961. 

4. Valdivieso, D., and J. R. Tamsitt. JM., 43: 422-431, 1962. 

Phyllostomus hastatus Pallas. Females advanced in pregnancy were found 
in Trinidad late in March and April. They were lactating in April and 
June, while a female with a single young was taken in September (i), 

I. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 
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Trachops cirrhosus Spix 


A fertile male has been reported in December (i). Females with single 
embryos were taken in February (2). 

1. Felten, H. SB., 37: 179-212, 1956. 

2. Burt, W. H., and R. A. Siirton. Univ. Michigan Mus. Zool., Misc. Publ. 117, 1961. 


Vampyrum spectrum L. 


In Trinidad a lactating female was found in May (i). 
I. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 


GLOSSOPHAGINAE 
Glossophaga soricina Pallas 
LONG-TONGUED VAMPIRE 


This Central and South American bat breeds in the Matto Grosso once 
a year late in the spring, shortly before the rains (i). In El Salvador fertile 
males have been found from June to November, but not during the rest 
of the year. Pregnancies were found at most times, but at the height of the 
season, January to March, 43 per cent of the females are pregnant (2). In 
Mexico the single embryos have been found at all periods of the year (3). 
In Trinidad males in breeding condition were taken in February, March, 
and August. Pregnant females were found in January, April, May, June, 
and December, while lactating females were present in January, February, 
March, and June (4). Evidently in much of its range this species breeds at any 
time. 

In one account the breeding season is reported to last for 2 to 3 weeks 
and ovulation is at this time. A nonpregnant female with a corpus luteum 
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bleeds from a degenerating, hypertrophied endometrium. This bleeding is 
believed to occur at the end of pseudopregnancy (i). 

1. Hamlett, G. W. D. AR., 60: 9-17, 1934. 

2 . Felten, H. SB., 37: 179-212, 1956. 

3. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

4. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 

Glossophaga longirostris Miller. In Trinidad pregnant females were found 
in February, March, April, and August. The single fetuses recorded for 
March varied from 14 to 23 mm. long so that they must have been of 
different ages. Females with young have been found in September and 
breeding males in March (i). A prolonged season is indicated. 

I. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 


Lonchoglossa 


Lonchoglossa ccatulatu Wied. In Matto Grosso a new-born young was 
reported in February (1). 

L. gcoffroyi Gray. In Trinidad females were advanced in pregnancy in 
November; probably the young would have been born about a week later. 
Apparently all the females were pregnant at this time (2). 

1. Kiihlhorn, F. Saugetierk. Milt., i: 115-122, 1953. 

2. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 


Chocronycteris mexicana Tschudi 
LONG-TONGUED BAT 


Single embryos have been found in March (i) and June (2). Lactating 
females have been reported for June (1,3). 

1. Baker, R. H. Univ. Kansas Mus. Nat. Hist., Publ. o, 125-335, ^ 95 ^- 

2. Muinford, R. E., and D. A. Zimmermann. JM., 43: ior-102, 1962. 

3. Campbell, B. JM., 15: 241-242, 1936. 
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Choeroniscus 

Choeroniscus inca Thomas. In British Guiana pregnant females have been 
taken in February (i). 

C. intermedins }. A. Allen and Chapman. In Trinidad a pregnant female 
has been taken in August (i). 

I. Goodwin, G. G., and A. M, Greenhall. AM., 122: 187-302, 1961. 


CAROLLIINAE 
Carollia perspicillata L. 

In the Amazon valley pregnant females have been found in August and 
January (1). In the Canal Zone (2) and in El Salvador (3) births of single 
young have been reported for March. Fertile males have been taken in No- 
vember and January (4). In Trinidad breeding males and pregnant females 
have been taken in all months except November and December (5), so that 
a prolonged season is indicated. 

1. Hamlett, G. W. D. AA., 79: 113-176, 1934. 

2. Enders, R, K. HMCZ., 78: 385-502,1935. 

3. Burt, W. H., and R. A. Stirton. Univ. Michigan Mus. Zool., Misc. Puhl. 117, 1961. 

4. Fcltcn, H. SB., 37: 179-212, 1956. 

5. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 

Carollta castanea H. Allen. In El Salvador a few males are fertile in 
January, more in December and March. Pregnancies with single embryos 
have been reported from January to March and none from September to 
December (t). A December pregnancy has been reported from Mexico ( 2 ). 

1. Felten, H. SB., 37: 179-212, 1956. 

2. Lukens, P. W., and W. B. Davis. JM., 38: 1-14, 1957. 

STURNIRINAE 

Stnrnira 

Sturnira lilium Geoflfroy. A suckling female has been recorded for 
June (i). 
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5 . tildae de la Torre. In Trinidad a female with a single large fetus was 
taken in March (2). 

1. Felten, H. SB., 37: 341-367* 1956. 

2. Goodwin, G. G., and A. M. Grcenhall. AM., 122: 187-302, 1961. 


STENODERMINAE 
Brachyphylla cavernarum Gray 


A nursing female was found in July (i). 

r. Anthony, H. E. Scientific Survey of Porto Rico and the Virgin Islands. New York 
Acad. Sci., 9: 1-96, 1927. 


Uroderma bilobatum Peters 


In Trinidad lactating females have been taken in February, and both 
pregnant and lactating ones in May. Nonbreeding males were found in 
May (i). Single embryos have been found in January (2), March, April (3), 
and May (4). 

1. Goodwin, G. G., and A. M. Grcenhall. AM., 122: 187-302, 1961. 

2. Felten, H. SB., 37: 34 i- 3 fi 7 > 1956 - 

3. Allen, J. A., and F. M. Chapman. AM., 9: 13-30, 1897. 

4. Burt, W. H., and R. A. Stirton. Univ. Michigan Mus. Zool., Misc. Publ. 117, 1961. 


Chiroderma 


Chiroderma trinitatum Goodwin. A female with i large fetus has been re¬ 
corded for March (i). 

C. villosum Peters. In Trinidad a female with a half-grown fetus is re¬ 
corded for August, and birth of a single young in September (i). 


I. Goodwin, G. G., and A. M. Grcenhall. AM., 122: 187-302, 1961. 
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Artibeus jamaicensis Leach 
AMERICAN FRUIT BAT 


In Trinidad males are in breeding condition at all times of the year, except 
perhaps in January and February. Pregnant females have been found from 
February to July and lactating ones into September (i). Single embryos have 
been recorded for February (2), March (3), and June (4). Lactating fe¬ 
males have been found in March (5) and small young in June (6). A pro¬ 
longed breeding season is indicated. In captivity the single young have been 
born from April to September (7). In El Salvador many embryos of various 
sizes were found in December (8). 

The uterus is simplex and the oviducts enter near the midline (9). 

1. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 

2. Jones, T. S. ]M., 32: 223-224, 1951. 

3. de la Torre, L. JM., 35: 113-116, 1954. 

4. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

5. Felten, H. SB., 37: 341-367, 1956. 

6. Anthony, H. E. Scientific Survey of Porto Rico and the V’^irgin Islands. New York 
Acad. Sci., 9: 1-96, 1927. 

7. Novick, A. JM., 41: 508-509, i960. 

8. Burt, W. H., and R. A. Stirton. Univ. Michigan Mus. Zook, Misc. Publ. 117, 1961. 

9. Wislocki, G. B., and D. W. Fawcett. AR., 81: 307-314, 1941. 


Artibeus litiiraUis Olfers 


In Jamaica breeding males have been reported for practically the entire 
year, and pregnant females from February to July. Females with single 
young or lactating have been recorded from April to October (i). On the 
mainland single fetuses near birth and newborn young have been found in 
March (2, 3), but, in June, Mexican specimens are all pregnant with fetuses 
of various sizes. Thus an extended breeding season may be the rule (4). 

1. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 

2. de la Torre, L. JM., 35: 113-116, 1954. 

3. Bloedcl, P. JM., 36: 232-235, 1955. 

4. Lukens, P. W., and W. B. Davis. JM., 38: 1-14, 1957. 
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Artibeus driereus Gervais. Breeding males have been found in March (i), 
and there is a July record of a female with a single embryo (2). For El 
Salvador single embryos of various, but fairly small, sizes have been reported 
in January (3). 

A, hirsutus Andersen. Single embryos have been reported for February 
and May (4). 

A, planirostris Spix. Females in advanced pregnancy or with single young 
have been recorded in June for Trinidad (5). 

1. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 

2. de la Torre, L. )M., 35: 113-116, 1954. 

3. Hurt, W. H., and R. A. Stirton. Univ. Michigan Mus. Zool., Misc. Publ. 117, 1961. 

4. Cockruni, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

5. Jones, T. S. JM., 27: 3 ^ 7 - 33 «, 1946. 


Centurio senex Gray 


In Trinidad a breeding male was found in November, and a female gave 
birth to a single young in January (i). 

I. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 

PHYLLONYCTERINAE 
Pliyllonycteris poeyi Gundlach 


In the West Indies this bat has a single young born in June or July (i). 
In Cuba all the females are pregnant at the beginning of June and the single 
young is usually born about July 7 (2). 

1. Allen, G. M. Bats. Cambridge, Mass., 1939. 

2. Miller, G. S. Proc. Nat. Mus., United States, 27: 337-348, 1904, 


Erophylla sezeborni Gundlach 

This bat has i young at a time (1). 

I. Hamlett, G. W. D. A A., 79: 113-176, 1934. 
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DESMODONTIDAE 

Desmodus rotund us Geoffrey 
VAMPIRE BAT 


This South American bat has no well-defined season. The females are 
polyestrous and sometimes they experience post-partum heats (i). Pregnant 
females may be found at all times of the year (2). The gestation period lasts 
for at least 5 months and the single fetus is borne in either horn of the 
uterus. The ovum is released from either ovary, but a second one is oc¬ 
casionally released though it does not implant. Neogenesis of ova from the 
germinal epithelium is believed to occur. Spermatozoa are not stored in the 
uterus. Fertile males are found at all times of the year (2). In Trinidad the 
highest incidence of births is during April-May and October-November. The 
gestation period is longer than 84 days (3). 

1. Wimsatt, W, A., and T. Trapido. AJA., 91: 415-446, 1952. 

2. Felten, H. SB., 37: 341-367, 1956. 

3. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 

Desmodus youngi jentink. In Trindad breeding males were found in 
October. Lactating females with i young apiece have been recorded from 
August to October (1). 

I. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 


Diphylla ecaudata Spix 
VAMPIRE BAT 


The single young is born at any time of the year (i). Fertile males have 
been reported for January, August, and September (2), 

1. Dalquist, W. W. AMN., 53: 79-87, 1955. 

2. Felten, H. SB., 37: 341-367, 1956. 
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NATALIDAE 

Natalus 


Natalus mexicanus Miller. Embryos have been recorded in January, April, 
May, and June. The number has always been a singlet (1-4). 

N, tiimidtrostns Miller. In Trinidad this species is not breeding in No¬ 
vember (5). 

1. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

2. Bloedel, P. JM., 36: 232-235, 1955. 

3. Fclten, H. SB., 38: 1-22, 1957. 

4. Burt, W. H., and R. A. Stirton. Univ. Michigan. Mus. Zool., Misc. Publ. 117, 1961. 

5. Gocxlwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 


VESPERTILIONIDAE 

VESPERTILIONINAE 
My Otis austroriparius Rhoads 
RHOADS’ BAT 


This bat, indigenous to the eastern United States, breeds in the spring fol¬ 
lowing the year of its birth. Males are in breeding condition, with enlarged 
epididymides, from October to April, few of them before December and 
practically all from February to April. On the west coast of Florida most of 
the mating is in the fall, but in peninsular Florida spring matings are the 
rule. The young are born in May, with the peak of births in the second week. 
About 90 per cent have 2 young at a time, the rest, i (i). At birth the young 
are extruded into a pocket formed by the interfemoral and alar membranes. 
They remain attached to the mother by the umbilical cord for several 
hours (2). 

The head of the spermatozoon measures 4.6 /a (range, 4.4-4.9) X 1.9 
(i.8~2.i); the midpiecc, 12,8 /a (11.5-13.0X1.2 aa (1.0-1.4); the tail, 
49.0 !>. (47.5-54-0) (3). 
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1. Rice, D. W. JM., 38: 15-32, 1957. 

2. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

3. fiirth, H. F. J. Morphol., 106: 77-83, i960. 


Myotis capaccinii Bonaparte 


In this bat of southern Europe and northwestern Asia spermatogenesis 
has ceased by November, but the epididymis is full of spermatozoa. The 
interstitial cells of the testis are variable, and the accessory organs arc hyper¬ 
trophied, though involution is beginning. In April some spermatozoa are 
still present, but the epididymis and accessory organs arc in the resting state, 
while the interstitial cells are vacuolated (i). 

I. Courricr, R. AB., 37: 173-334, 1927. 


Myotis emarginatus GeoflFroy 


Females do not become sexually mature before their second summer. 
The adult females have spermatozoa in their uteri during the winter and so 
do many of the immature ones. The vaginal epithelium is cornified in both 
immature and mature specimens (i). A single follicle is present throughout 
the period of dormancy and the ovum is released spontaneously in the spring 
(2). The diameter of the follicle is about 475 /i, and of the ovum, 83.3 (3). 

1. Sluiter, J. W., and M. Bowman. Kon. Ned. Akad. Wclensch., Proc., 54C: 594-602, 
1051. 

2. Sluiter, J. W., and L. Bels. Kon. Ned. Akad. Wetcnsch., Proc., 54C: 585-593, 1951. 

3. Sluiter, J. W. Kon Ned. Akad. Wetensch., Proc., 57C: 696-700, 1954. 


Myotis grisescens Howell 
GRAY BAT 


The gray bat of eastern North America mates in the fall, and i young 
is born in early June to early July (r), with some as early as May (2). The fe- 
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males have spermatozoa in their uteri in September, October, November, and 
December, the only months in which they were examined (3). One ovum 
is matured at a time and the diameter of the follicles with antra in September 
is about 200 /A, The number of such follicles decreases towards late September, 
when only one remains; this one persists through hibernation. The right 
horn of the uterus is much larger than the left one and implantation is al¬ 
ways in the larger horn, but the large follicle is as often in the left ovary as 
it is in the right one. There is no evidence of unilateral ovarian development 
(4). The ovary is somewhat oval in shape and the round ligament is pig¬ 
mented. The diameter of the tubal ovum is no /a (3). 

Spermatogenesis occurs in the summer when the rest of the reproductive 
tract is quiescent. The epididymis is full of spermatozoa in fall, winter, and 
spring, and the accessory organs are full of secretion. The interstitial cells are 
largest in summer, retrogress in the fall, and remain small until spring. The 
male is sexually mature in its second summer (5). 

1. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

2. Rice, D. W. JM., 36: 89 -<)o, 1955. 

3. Guthrie, M. J. JM., 14: 199-216, 1933. 

4. Guthrie, M. J., K. R. JefTcry, and E. W. Smith. J. Morphol., 88: 127-144, 1951. 

5. Miller, R. E. J. Morphol., 64: 267-295, 1939. 


Myotis kfeni Merriam 


The single young is born in July (i). In Illinois males taken in December 
have spermatozoa in the testes and the accessory organs are enlarged. In 
February spermatozoa are present in the uterus and oviduct (2). 

The sperm head measures 4.4 (range, 4.0-4.6) X 1.9 /a (i. 7-2.0); the 
midpiece, 15.4 /a (14.9-16.1) X i.i /a (0.9-1.3); and the tail, 62.0 /a (58.1- 
66.6) (3). 


1. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

2. Layne, J. N. AMN., 60: 219-254, 1958. 

3. Hirth, H. F. J. Morphol., 106: 77-83, i960. 
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Myotis lucifugus Le Conte 
LITTLE BROWN BAT 


The little brown bat of North America east of the Rocky Mountains has 
been much investigated, and the survival of spermatozoa in the uterus 
throughout the winter and fertilization by these spermatozoa in the spring 
have been proved beyond doubt. 

Copulation occurs in the wild both in the fall and in spring. One young 
is born at a time, in mid-June to mid-July (i). Twins are rare and do not 
occur more frequently than in i per cent of births. The gestation period lies 
probably between 50 and 60 days. At parturition the female hangs with her 
head up and cups the tail and interfemoral membranes to catch the young, 
which are delivered by breech presentation (2). The sex ratio at birth is 50.6 
per cent males (3). Spermatozoa survived in the uteri of females isolated 
in a refrigerator throughout the winter for at least 159 days, and cleaving 
eggs and blastocysts were found in the uteri in spring (4). 

The theca of the graafian follicle does not divide into interna and externa. 
The large follicle during hibernation measures about 350 /i in diameter and 
the cells of the discus proligerus are hypertrophied. Just before ovulation, in 
spring, the antrum almost disappears, the volume of liquor folliculi decreases, 
and there is a preovulatory luteinization of the granulosa cells accompanied 
by a progestational reaction in the uterus. The wall of the rupturing follicle 
folds only to a small extent, and a cavity m the corpus luteum is rare. 
Ovulation occurs in late April or early May, during the passage from hi¬ 
bernation to summer quarters. When the females are kept in a warm labora¬ 
tory, it is advanced to the middle of February. The diameter of the ovum is 
about 80 fi (5). Ovulation is spontaneous (6). The females reach sexual 
maturity at the end of their first summer. The embryo always develops in the 
right horn of the uterus (7), but the ripe follicle or corpus luteum is in the 
corresponding ovary in only 48 per cent of cases (5), or 49 per cent (8). In 
first-season females there is a preponderance of ripe follicles in the left ovary. 
The ovary is rounded and has a very inconspicuous neck (7). 

In October the vaginal epithelium consists of many layers, but desquama¬ 
tion is continuous throughout the winter with the result that its thickness 
is reduced by April. In August intensive cornification sets in. The condition 
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throughout hibernation may be described as one of submaximal estrus (9). 

The round ligament of the uterus is not pigmented, in contrast to the con¬ 
dition in M. grisescens (7). The height of the epithelium is medium in Octo¬ 
ber, and it is lowest in February. The uterine and glandular epithelia 
hypertrophy after ovulation so that the glandular epithelium appears to be 
irregular. The epithelium throughout is nonciliated and of a secretory 
type (9). 

The tubal epithelium is ciliated and secretory. It is highest in October, is 
vacuolated during winter, and recovers in the spring. After ovulation, it is 
low and nonsecreting (9). 

Spermatogenesis is in summer when the rest of the reproductive tract is 
quiescent. The epididymis is full of spermatozoa from fall to spring; the 
accessory organs are full of secretion and remain so until April. The in¬ 
terstitial cells are at their maximum size in summer, retrogress during the 
fall, and remain small until spring. The male is sexually mature in its second 
summer (10). 

The sperm head measures 4.3 ft (range, 4.0-4.6) X 1.8 ft (1.5-2.0); the 
midpiece, 12.7 tx (12.0-13.2) X i.i ft (0.9-1.2); and the tail, 51.9 ft (44.0- 
56.5) (ii). 

1. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

2. Wimsatt, W. A. JM., 26: 23-33, 1945. 

3. Griffin, D, R. JM., 21: 181-187, 1940. 

4. Wimsatt, W. A. AR., 88: 193-204, 1944. 

5. Wimsatt, W. A. AJA., 74: 129-173, 1944. 

6. Wimsatt, W. A., and F. C. Kallen, AR., 129: 115-131, 1957. 

7. Guthrie, M. J. JM., 14: 199-216, 1933. 

8. Guthrie, M. J., and K. R. Jeffers. AR., 71: 477-496, 1938. 

9. Reeder, E. M. J. Morphol., 64: 431-453, 1939. 

10. Miller, R. E. J. Morphol., 64; 267-295, 1939. 

11. Hirth, H. F. J. Morphol., 106: 77-83, i960. 


Myotis myotis Borkhausen 
COMMON EUROPEAN BAT 


In this bat heat and insemination occur in the first autumn of life. Follicles 
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do not ripen, however, in the first year (i). The usual time for mating is 
mid-September (2) and again in spring (3). Ovulation is at the end of 
March; the length of gestation is 50 days (2). One young is born at a time 
and the embryo is nearly always in the right horn of the uterus (3), but the 
corpus luteum is in the right ovary in only 55.7 per cent of cases (4). In one 
ovary a single follicle that is destined to rupture in the spring is present 
throughout the hibernation period. Ovulation is spontaneous but anything 
that raises the metabolic rate during the dormant period may induce it (5). 
In January the diameter of the ovum is 95.5 ju, and of the follicle, 533.6 /a 
( 6). Throughout winter spermatozoa may be found clinging to the uterine 
wall (7). 

Spermatogenesis begins in May, when there are few spermatozoa in the 
epididymis; the interstitial cells appear to be active, but the accessory organs 
are large. The interstitial cells are pigmented. From December to February 
spermatogenesis has ceased, spermatozoa are present in the epididymis, the 
interstitial tissue is variable, and the accessory organs arc well developed 
though there is some retrogression, less in the seminal vesicles than in the 
epididymis and prostate (2), 

In the anterior pituitary gland orangophilic and carminophilic basophil 
cells hypertrophy at the time of ovulation. They are highly dcvclf)pcd 
throughout gestation and they regress at parturition. It is suggested that 
these “basophil I” cells are active while the corpus luteum is active. Other 
basophilic cells (“11”) hypertrophy during the autumnal mating season and 
persist during the prolonged winter estrus while the ovary shows only follicu¬ 
lar growth. They regress during gestation. The granules of these cells are 
soluble in trichloracetic acid, and it is suggested that these cells are the origin 
of F.S.H. (8). The erythrosinophil cells increase during pregnancy at the 
expense of the chromophobes (9). 


1. Sluiter, J. W., and M. Bouman. Kon. Ned. Akad. Wciensch., Proc., 54C: 594-601, 
1951. 

2. Courrier, R. AB., 37: i 73 - 334 > ^ 9 ^ 7 - 

3. Baker, J. R., and T. F. Bird. J. Linn. Soc., Zook, 40; 143-161, 1936. 

4. Duval, M. ]. dc I’Anat., 31: 93-160, 1895. 

5. Sluiter, J. W., and L. Bcls. Kon. Ned. Akad. Wetensch., Proc., 54C: 585-592, 1951. 

6. Sluiter, J. W. Kon Ned. Akad. Wetensch., Proc., 57C: 696-700, 1954. 

7. Redenz, E. Zeit. Wiss. Biol., Abt. B, Zeit. Zellforsch. u. Mikros. Anat., 9: 734-739, 
1929. 

8. Herlant, M. AB., 67: 89-180, 1956. 

9. Herlant, M. Ann. Soc. Roy. Zook de Beige, 84: 87-116, 1953. 
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My Otis mystacinus Leisler 


The females of this European bat are sexually mature in their second sum¬ 
mer. In January the persistent follicle measures 398 fi, and the ovum, 77.5 /i 
in diameter (1). The number of young may be i or 2 (2), but another 
account gives a single young born in January or July (3). 

1. Sluiter, J. W. Kon. Ned. Akad. Wclensch., Proc., 57C: 696-700, 1954. 

2. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugelicre in der 
Schutzwaldzone. Berlin, 1956. 

3. Mathias, P., and J. Seguela. Mammalia, 4: 15-19, 1940. 


Myotis sodalis Miller and Allen 


This North American bat mates in September or October and spermatozoa 
can always be found in the uterus from October to February (i). Sperma¬ 
tozoa, however, are present in the epididymides of the males in December 
(2). They have survived in the uteri of isolated females up to 135 days, 
at least (3), and in December the uterus is turgid (2). The ovary is lobed 
and matures one ovum at a time. Ovulation in the laboratory under warm 
conditions has occurred in the middle of February. The round ligament is 
pigmented (1). 

The sperm head measures 4.9 (range, 4.8-5. i) X t.8 /x (1.7-2.0); the 
midpicce, 13.7 ^ (13.0-14.0) X i.o fi (0.9-1.2); and the tail, 65.5 fji (62.0- 
69.9) (4). 

1. Guthrie, M. J. JM., 14: 199-216, 1933. 

2. I.ayne, J. N. AMN., 60: 219-254, 1958. 

3. Wimsatt, W. A. AR., 88: i()3-2()4, 1944. 

4. Hiriii, H. F. J. Morphok, 106: 177-183, i960. 


Myotis velijer J. A. Allen 


The males of this bat do not produce spermatozoa until their second fall. 
Spermatogenesis takes place from late summer to early fall. After late 
September the testes are involuted, remaining quiescent until the next 
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summer. The interstitial cells are largest in late summer. They reduce in 
size in early fall and remain small until spring. They and the accessory 
organs parallel the activity of the seminiferous tubules. However, sper¬ 
matozoa remain in the epididymis through the winter (i). The single young 
is born during the last week in June (2, 3). 

r. Krutzsch, P. H. AR., 139: 309, 1961. 

2. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

3. Glass, B. P., and C. M. Ward. JM., 40: 194-201, 1959. 

My Otis ad versus Horsefield. Young are born to this Australian species 
from mid-October to early November (r). 

M, hechsteini Kiihl. In Germany this bat gives birth to a single young 
early in May (2). 

A/, bocagii Peters. For this African bat a large embryo has been reported 
in early January and a very young male at the end of June, thus suggesting 
an extended season (3). 

M, culijornicus Audubon and Bachman. In Mexico lactating females are 
found in June (4). Birth further north may occur from May to July (5). 
Males with enlarged testes arc taken in September and October, but no 
pregnant females are found from mid-June until April. A single young is 
produced at a time (6). 

A/, chilocnsis Waterhouse. This South American species has its single 
young in November (7). 

A/, daubentoni Kuhl. This European bat has its single young in June 
or July ((S). 

M, evotis H. Allen. Two July records of this western American bat gave 
1 fetus each (9). Another record gives single embryos in June (10), while 
early embryos have also been recorded late in May (n). 

M. fortidens Miller and G. M. Allen. One pregnant female has been 
observed in May (12). 

M, longicaudatus Ognev. On July 8 almost all females were with young 

(13)- 

Af. nattereri Kuhl. In this European bat the single young is born late in 
June or early in July (8). 

A/, nigricans Schinz. This bat has been reported as not breeding in Trini¬ 
dad during September (14). 

M. occultus Hollister. In New Mexico a specimen of this bat with i 
embryo has been taken in May (15). 

Af. peytoni Wroughton and Ryley. The young are born in March (16). 
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M. thysanodes Miller. In the southwestern part of North America the 
single young is born at the end of June (5). 

M. tricolor Temminck. The young of this African bat are born late in 
December. The single embryo is always in the right horn of the uterus, 
but by November the whole uterus is occupied (17). 

M. volans H. Allen. In this North American bat pregnant females, each 
with a single fetus, have been reported late in May (11) and June (5). Early 
June is probably the usual time of birth (18), but in Nevada it is delayed 
to mid-July (10). 

M. yumanensts H. Allen. The single young of this western North Ameri¬ 
can species are mostly born before mid-June but the season is longish; preg¬ 
nancies have been recorded from mid-April to the end of June (19). 
Pregnant females have also been reported in mid-July (lo). In New Mexico 
birth takes place at about June 25 (20). Birth may be later in the more 
northerly part of its range. 

M. (Ptzonyx) vivcsi Mcnegaux. The fish-eating bat of Mexico has been 
re|X)rtcd as pregnant with a single embryo early in March (21) and early 
in June (22). 


1. Purchase, D,, and P. M. Hiscox. CSIRO (Australia) Wildlife Res., 5: 44-51, i960. 

2. Allen, (h M. Bats. Cambridge, Mass., 1939. 

3. Lang, H., and J. P, Chapin. AM., 37: 497-563, 1917. 

4. Baker, R. li. Univ. Kansas Mus. Nat. Hist., Publ. 9: 125-335, 1956. 

5. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

6. Krutzsch, P. H. JM., 35: 539 - 545 , I 954 - 

7. Lalastc, F. Act. Soc. Sci. de Chile, t: 70-91, 1891. 

8. Barretl-Hamilton, C. E. H. A History of British Mammals. London, 1910. 

9. Cowan, 1 . McT., and C. ). Guiguct. British Columbia Provincial Mus., Handbook 
11, 1956. 

to. Hall, E. R. Mammals of Nevada. Berkeley, Calif., 1946. 

11. Vaughn, T. A. Univ. Kansas Mus, Nat. Hist., Publ. 7: 513-582, 1954. 

12. Dalqucst, W. W., and E. R. Hall. JM., 29: 180, 1948. 

13. Bogdanov, O. P. ZZ., 39: 1895-1896, i960. 

14. Goodwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 

15. Mumford, R. E. JM., 38: 260, 1957. 

16. Brosset, A. Mammalia, 26: 166-213, 1962. 

17. Flarrison, L., and P. A. Clanccy. Ann. Natal Mus., 12: 177-182, 1952. 

18. Dalqucst, W. W., and M. C. Ramage. JM., 27: 60-63, 1946. 

19. Dalqucst, W. W. AMN., 38: 224-247, 1947. 

20. Commisaris, L. R. JM., 40: 441-442, 1959. 

21. Reeder, W. G., and K. S. Norris. JM., 35: 81-87, 1954. 

22. Burt, W. H. JM., 13: 363-365. 1932- 
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Lasionycteris noctivagans Le Conte 
SILVERY BAT 


This North American bat has i or 2 young, usually 2, born late in June 
or early in July (i, 2). In Utah the mating season is in August and Septem¬ 
ber (2). Spermatozoa have been observed in the uterus and oviducts during 
February. At this time only a few are present in the seminiferous tubules of 
the male (3). 

The sperm heads measure 5.5 /x (range, 5.T-5.S) X 2.0 /x (i.9-2.1); the 
midpiece, 8.9 /x (8.4-9.5) X 0.8 iu. (0.7-1.0); and the tail, 73.4 /x (65.1-79.2) 

(4). 

1. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

2. Barnes, C. T. Utah Mammals. Salt Lake City, Utah, 1927. 

3. Laync, J. N. AMN., 60: 219-254, 1958. 

4. Hirth, H. F. ]. MorphoL, 106: 77-83, i960. 


Pipistrelliis abramus Temminck 
ASIATIC PIPISTRELLE BAT 


In this bat spermatogenesis begins at the end of spring and ceases by 
October. From October to June the tubules are in repose, but spermatozoa 
are stored in the tail of the epididymis from October to May (1). No spring 
copulations have been observed, however. After the fall copulation the 
spermatozoa are stored in the uterus in such quantity that the organ swells 
(2). Ovulation takes place late in April and parturition early in July after 
a gestation of about 70 days. The litter size varies from i to 3, but 2 is the 
usual number (3). It has been shown that spermatozoa introduced into the 
uterus in the fall matings arc capable of fertilizing the ova released in the 
spring (4). 

1. Nakano, O. Folia Anat. Japonica, 6: 777-828, 1928. 

2. Hiraiwa, Y. K., and T. Uchida. Sci. Bull. Fac, Agric., Kyushu Univ., 15: 255-266, 
1955-56. 

3. Uchida, T. Sci. Bull. Fac. Agric., Kyushu Univ., 12: 11-14, 1950. 
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4. Hiraiwa, Y. K., and T. Uchida. Sci. Bull. Fac. Agric., Kyushu Univ., 15: 565-574, 
1955-6. 


Pipistrellus pipistrellus Schreber 
COMMON PIPISTRELLE 

This common bat of Europe and Asia is said to copulate both in the fall 
and in the spring (i). The female mates in September, and spermatozoa may 
be found in the uterus until March. They cling to the uterine wall, and, 
since the glands are actively secreting during this time, they may derive 
nourishment from this source. Ovulation in France occurs in March and 
April (2), but in England it is said not to occur until May. No vaginal plug 
is formed, and the spermatozoa are stored in the uterus until after ovula¬ 
tion, when many are expelled. The female usually bears i young, and 
although ovulation may occur from either ovary, one writer has found that 
the pregnancy was in the right horn in 70 per cent of cases, 25 per cent were 
in the left, and the remaining 5 per cent were pregnant in both horns. When 
the embryo is in the horn opposite to the corpus luteum, transfer has been 
by migration across the body of the uterus (3). In England the females are 
pregnant or having their young in July (4). 

The period of gestation is said to be about 44 days (3), but, as birth in 
F'rance occurs in July to August while ovulation is said to be in March to 
April (2), its duration is still an open question. The female reaches puberty 
in her second year (3). 

In the fall the vaginal epithelium becomes hyperplastic and keratinized, 
and it remains so all winter. The cornified tissue becomes so thick that the 
lumen is practically blocked during this period, which resembles a prolonged 
proestrum. Large graafian follicles can be found throughout, but they do 
not mature until near ovulation time (2). 

The male does not reproduce until it is 2 years old. In mid-June spermato¬ 
genesis begins, but by the end of August it has ceased. The testes become 
smaller and by October they reach their minimum weight. The epididymis 
is small in August and enlarges in October, when its tail is larger than the 
testis and is full of spermatozoa. It regresses from May onward, and any 
remaining spermatozoa are phagocytized. The seminal vesicles and prostate 
are large from the end of August to December. In spring their involution 
is rapid, and at this time the epididymis is also regressing. The cycle of the 
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interstitial cells is similar. Development begins in June and is at a maximum 
in August. They are still well developed in winter and appear to be glandu¬ 
lar. In April involution sets in and the cells become pigmented (5). 

A case has been described in which full spermatogenesis occurred at the 
usual time but in which the accessory organs remained atrophic. The inter¬ 
stitial cells of the testis were replaced by lymphoid cells (6). 

1. Baker, J. R., and T. F. Bird. J. Linn. Soc., ZooL, 40: 143-161, 1936. 

2. Courrier, R. CRSB., 87: 1365-1366, 1922. 

3. Deanesly, R., and T. Warwick. PZS., 109A; 57-60, 1939. 

4. Whitaker, A. Naturalist, 74-83, 1907. 

5. Courrier, R. AB., 37: i 73 - 334 » 1927* 

6. Courrier, R. Compt. Rend. Assn. Anat., 21: 176-182, 1926. 


Pipistrellus subflavtts Cuvier 


This bat of the eastern and southern United States is said probably to mate 
in August (i), but copulation has been observed in Indiana at the end of 
November (2), and it is said also to copulate in spring (3). Captured females 
all had spermatozoa in their uteri between November 11 and April 30. In 
the warm laboratory ovulation first occurred about March 7 (4). In the 
southern part of the range, birth is in late May, but further north it extends 
to late June and mid-July (i). 

The ovary is rounded and has no neck. The number of mature follicles 
or tubal eggs was found to be 4.3 ±: .15, mode 4 (4). Embryo counts have 
been given from i to 4. In one count ten bats had 2 embryos each. The 
other fourteen had 49 corpora lutea and 45 embryos (5). In another count 
there were 2 young in each of ten females (6). Three to 4 ova are usually 
shed and implant 2 to a horn. The pair nearest the ovaries lag in develop¬ 
ment and are reabsorbed (5). 

The testes are quiescent in July and early August. Later in August sper¬ 
matozoa are present and they may be found in the epididymis all winter. 
They have disappeared by May (6). 

The sperm head measures 5.4 (range, 5.1-5.8) X 2.0 im (1.9-2.1); mid¬ 
piece, width 0.8 /X (0.7-1.0); tail length, 72.1 (65.1-75.0) (7). 

1. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, New York, 
1943. 

2. Hahn, W. L. Biol. Bull, 15: 135-164, 1908. 
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3. Baker, J. R., and T. F. Bird. J. Linn. Soc., ZooL, 40: 143-161, 1936. 

4. Guthrie, M. J. JM., 14: 199-216, 1933. 

5. Wimsatt, W. A. JM., 26: 23-33, ^ 945 * 

6. Layne, J. N. AMN., 60: 219-254, 1958. 

7. Hirth, H. F. J. Morphol., 106: 77-83, i960. 


Pipistrellus (Nyctalus) noctula Schreber 


This Old World bat copulates in September. Afterwards the cornified 
epithelium of the upper vagina sloughs off and forms a plug, which re¬ 
mains in place throughout hibernation (i). In Germany the young are born 
in early May (2). In England birth may be later than on the Continent; late 
June is given as the usual time (3). One is said to be the usual number 
in England, but on the Continent i and 2 are born at approximately equal 
numbers of births (2, 4), The period of gestation is probably about 49 
days (5). 

1. Grosser, O. Verb. d. Anat. Gesellsch., 17: 129-132, 1903. 

2. Vogt, C. Compt. Rend. Assn. Adv. Sci., 655-662, 1881. 

3. Whitaker, A. Naturalist, 74-83, 1907. 

4. Allen, G. M. Bats, Cambridge, Mass., 1939. 

5. Barrett-Hamilton, G. E, H. A History of British Mammals. London, 1910. 

Pipistrellus ceylonicus Kelaart. Pregnant females have been found in the 
first week of September. Usually 2, but sometimes i, young are born at a 
time (1). Birth is in the autumn in India (2). 

P. coromandra Gray. In India births have been observed in April, May, 
and September. Two fetuses were found in a pregnant female in August (2). 
P. cidex Thomas. The young of this African bat are born in March (3). 
P, jotiriei Thomas. There is a record of this African bat with 2 fetuses in 
October (4). 

P. hesperus H. Allen. The little canyon bat of North America has 2 young 
per litter as a rule, but occassionally only i is born. They are born in June 
and birth is little, if any, earlier in the southern part of its range than in 
the northern part (5). July has also been given as the month of birth (6). 

P. l{uhli Kuhl. This Old World bat usually has 2 young at a time (7). In 
North Africa the young are born by the end of May; in the Sahara they 
are born later (8). In February spermatozoa are in the uterus (9). 

P. mimus Wroughton. In Ceylon this bat breeds all the year. It usually 
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bears 2 young, but occasionally i is produced (i). In India no fetuses were 
observed in females taken in December and February (2). 

P. nanus Peters. This African species is said rarely to bear 2 young, but 
a specimen with 2 was found in August (10) and there is a similar Septem- 
ber record (ii). Young bats have been seen in December, January (12), 
February (n), and April (3). The species probably reproduces all the year 
round (3). 

P. nathusii Keyserling and Blasius. This European bat has 1 to 2 young 
at a time (13). 

P. savii Bonaparte. This Eurasian bat has 2 young at a time (13). 

P. (Nyctalus) leisleri Kuhl. The single young is born late in June (14)- 
In India 2 embryos have been recorded. The females breed in December, 
at least, and they may be polyestrous (15). 

1. Phillips, W. W. A. Ceylon J. Sci., 13B: 1-63, 1924-6. 

2. Brosset, A. Mammalia, 26: 166-213, 1962. 

3. Verschuren, J. EPNG., 1957. 

4. Shortridge, G. C. The Mammals of South West Africa. Londoti, 1934. 

5. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

6. Bailey, V. NAR, 55: 1936. 

7. Rlanford, W. T. The Fauna of British India. Mammals. London, 1888-91. 

8. Latastc, F. Act. Soc. Linn., Bordeaux, 39: 129-209, 1885. 

9. Lewis, R. E., and Harrison, D. L. PZS., 138: 473-486, 1962. 

10. Lang, H,, and }. P. Chapin. AM., 37: 497-563, IQ17. 

11. Lawrence, B., and A. Loveridge. HMCZ., no: 1-80, 1953. 

12. Allen, G. M., B, Lawrence, and A. Loveridge. HMCZ., 79: 31-126, 1935-7. 

13. Hepiner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugctierc in 
der Schutzwaldzone. Berlin, 1956. 

14. Barrett-Hamilton, G. E. H. A History of British Mammals. London, 1910. 

15. Rarnaswamy, L. S. Half-yearly J. Mysore Univ., 7(2), 1933. 


Eptesicus fuscus Pealc and Beauvais 
BIG BROWN BAT 


This North American bat mates in the fall and its young are born in 
mid-June towards the north of its range, but earlier in the south (i). In 
Maryland births occur from May 15 to June 22 after an ovulation taking 
place about the first week of April (2). There is no doubt that spermatozoa 
survive in the uterus throughout the winter, since females collected in 
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December, kept in isolation at 40° F., and autopsied in May after a month 
at 75° F. were found to contain embryos. The spermatozoa had survived 
for at least 140 to 150 days (3). The number of young varies from i to 4; 
in the western part of its range the usual number of young is i, while in 
the eastern part the number is 2 (4). Single embryos are recorded for the 
West Indies (5). There is considerable embryonic wastage; in 30 cases ob¬ 
served the number of blastocysts varied from i to 6, with an average of 
3.9 and a mode of 4 (6). 

The ovaries are small, rounded, and without a neck (7). Newborn bats 
develop antra to the follicles late in July and polyovular follicles are found 
only in the young of the year. Parous females are later than the young in 
developing follicles (2). The average number that enlarge during hiber¬ 
nation or that rupture is 4.2, and they are present in each ovary in almost 
equal numbers, 53 per cent in the left. It is impossible to differentiate between 
theca interna and theca externa in the follicle wall. The granulosa cells 
begin to luteinize before ovulation, and there is a decrease in the amount 
of follicular fluid, which penetrates the theca. Rupture is sudden, but there 
is little hemorrhage. It is usual to find a cavity in the corpus luteum (8). 
The interstitial cells of the ovary are large and vacuolated at parturition. 
They then decrease in size until October (2). 

Spermatogenesis is in full progress by mid-August. It ceases by mid- 
October but the epididymis continues to be full of spermatozoa. All males 
reproduce in their first summer (2). By December there are still a few 
spermatozoa in the testes but no spermatocytes are spermatids. At this time 
the uterus contains a mass of spermatozoa, but there are none in the oviducts 
(9). According to another account spermatozoa may be found in the ovi¬ 
ducts between December and March (10). 

The head of the spermatozoon measures 5.0 (4.9-5.2) X 2.0 /x (i.9-2.1); 

midpiece, 9.0 /x (8.5-9.2) X 0.8 /x (0.7-1.0); tail length, 72.0 /x (68.1-75.1) 
(11). 

1. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

2. Christian, J. J. AMN., 55: 66-95, 1956. 

3. Wimsatt, W. A. AR., 83: 299-306, 1942. 

4. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

5. Anthony, H. E. Scientific Survey of Porto Rico and the Virgin Islands. New 
York .\cad. Sci., 9: i-<j 6 , 1927. 

6. Wimsatt, W. A. AR., 88: 193-204, 1944. 

7. Guthrie, M. J. JM., 14: 199-216, 1933. 

8. Wimsatt, W, A. AJA., 74: 129-173, 1944. 

9. Evans, C. A. Am. Nat., 72: 480-484, 1938. 
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10. Laync, J. N. AMN., 6o: 219-254, 1958. 

11. Hirth, H. F. J. Morphol., 106: 77-83, i960. 


Eptesicus serotinus Schreber 
SEROTINE BAT 

This Old World bat copulates in September in France (i), and not again 
in the spring (2). But the testes begin to hypertrophy in May and spermato¬ 
genesis commences. In June spermatozoa are present and spermatogenesis 
continues until September. The epididymis is full of spermatozoa throughout 
hibernation, and the accessory organs are well developed as well as the inter¬ 
stitial tissue of the testis. In May the epididymis diminishes in size, the 
accessory organs atrophy, and the interstitial cells are pigment laden. In 
June the condition is the same except that pigment can no longer be found 
in the interstitial cells, which appear to be fully active by August and Septem¬ 
ber (i). It would seem, therefore, that insemination is possible for a great 
part of the year in spite of the belief that it occurs only in the fall. The 
number of young, born late in May, is usually i. 

Castration of males in December and continuation of hibernation had no 
effect upon the epididymis and sperm storage during that season. The acces¬ 
sory organs remained active whether or not the epididymides were removed 
during the operation. But exposure of the castrated bats to higher tempera¬ 
tures, while not affecting the epididymis and spermatozoa, caused the ac¬ 
cessory glands to atrophy. A castrate liberated and caught during the next 
hibernation season showed the usual castrate atrophy of the whole reproduc¬ 
tive tract (i). 

Females injected with a pituitary gonadotrophe in December ovulated 4 
days afterwards. A similar experiment done in January was followed by 
pregnancy (3). 

1. Courrier, R. AB., 37: 173 - 334 . 1927- 

2. Baker, J. R., and T. F. Bird. J. Linn. Soc., Zool., 40: 143-161, 1936. 

3. Herlant, M. Bull. Acad. Roy. de Belgique, 20: 359-366, 1934. 

Eptesicus capensis A. Smith. This African bat has been found in Novem¬ 
ber with 2 fetuses (i). 

£. garambae J. A. Allen. Birth in this African species is from the end 
of February to early March (2). 
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E, rendelli Thomas. Birth in this African species is from the end of March 
to early April (2). 

E. tenuipinms Peters. The birth of i young in March has been recorded 
in the Cameroons (3), and nursing young were found in Liberia in July (4). 

£. (Hesperotenus) tic^elli Blyth. In Ceylon this bat has an extended season; 
large and small embryos are present in most females taken in May. A 
December pregnancy and a single young born early in June have also been 
reported (5). 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. Verschuren, J. EPNG., 1957. 

3. Eisentraut, M. Mitt. Berlin Mus. Zoo!., 25: 245-274, 1941. 

4. Allen, G. M., and H. J. Coolidge, Jr. In R. P. Strong, The African Republic of Li¬ 
beria and the Belgian Congo. Cambridge, Mass., 1930. 

5. Phillips, W. W. A. Ceylon J. Sci., 13B: 1-63, 1924-6. 


Vespertilio murinus L. 
PARTI COLORED BAT 


The nomenclature of this bat and that of Myotis myotis are so confused 
that much that has been recorded under the latter species may possibly be 
referred properly to Vespertilio murinus. So far as the writer can judge 
there is little difference in their reproduction. 


Nycticeius humeralis Rafinesque 
EVENING BAT 


This North American bat may be found pregnant in April, May, and 
June (i). The females mate in August and the young are usually born late 
in May (2). The embryo counts range from i to 4, with 2 the usual 
number (i). There are no spermatozoa in the male tract by the end of 
April when the females are pregnant (3). 

The head of the spermatozoon measures 5.2 /x (range, 4 . 9 ~ 5 . 5 ) ^ ^ 

(2.o~2.4); niidpiece, 10.8 /a (io.o-ii.i) X 2.1 fi (2.0-2^^); tail length, 77.3 /x 
(72.0-84.1) (4). 
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1. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

2. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

3. Layne, J. N. AMN., 60: 219-254, 1958. 

4. Hirth, H. F. J. Morphol., 106; 77-83, i960. 


Rhogeessa 
YELLOW BATS 


Rhogeessa parvula H. Allen. This North American bat has been recorded 
as pregnant with 2 embryos in May (1). 

i?, tumida H. Allen. Twins are not unusual in this species (2). 

1. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

2. Gootiwin, G. G., and A. M. Greenhall. AM., 122: 187-302, 1961. 


Scotophtlus temmincki Horsefield 
LESSER YELLOW BAT 


The breeding season of this Indian bat is very sharply defined, with 
mating about the third week of March. Fertilization is immediate and the 
young are born in the last week of June and the first week of July after a 
gestation of 105 to 115 days. The young bats breed during their first year 
of life (i). The number of young is usually 2, with corpora lutca in either 
ovary and pregnancy in both horns of the uterus. During late pregnancy 
the corpora lutea occupy most of the medullary region of the ovary but 
by September this tissue has degenerated (2). 

The ripe follicle is about 277 /i in diameter, the ovum about 93 The 
mature corpus luteum is about 390 /x. It never projects beyond the surface of 
the ovary and it contains extravasated blood in its center. New ova arise 
from the germinal epithelium (2). 

The oviduct changes little during the cycle. Its ovarian portion is largely 
lined with glandular cells. These increase in size in February but they 
revert to the anestrous condition later in the month. The columnar cells 
of the uterine epithelium measure from 8 /x to 12 /x in height when they 
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are resting. At the time of heat they increase to from 18 /a to 20 At this 
time vascularity increases and the glands enlarge and are more plentiful. 
The endometrial epithelium ruptures due to congestion of blood in the 
subepithelial region, and often red blood cells may be found in the lumen. 
The vaginal wall undergoes cornification and desquamation during heat (2). 

The males, like the females, breed before they are a year old. Weight 
of the testes increases from December and reaches its maximum in Febru¬ 
ary when they weigh 4 or 5 times as much as they do in the nonbreeding 
season (3). This represents a rise for the two from 30 to 150 mg. The 
interstitial cell number is greatest when the testes are active. At the same 
time the prostate tubules and the bulbo-urethral glands enlarge and secrete 

(2). 

1. Gopalkrishna, A. Proc. Indian Acad. Sci., 26B: 219-231, 1947. 

2. Gopalkrishna, A. Proc. Indian Acad. Sci., 30H: 17-46, 1949. 

3. Gopalkrishna, A. Proc. Indian Acad. Sci:,’27B: 137-150, 1948. 


Scotophilus heathi Horsefield 
GREATER YELLOW BAT 


In Ceylon the greater yellow bat is pregnant in October (i). In India 
the single young is born during the first half of August (2), but another 
account gives June as the month of birth (3). The undersides of pregnant 
females change from pale straw color to rich saffron (4). 

1. Phillips, W. W. A. Ceylon J. Sci., 13B: 1-63, 1924-6. 

2. Prakash, I. JM., 41: 386-389, i960. 

3. Brossei, A. Mammalia, 26: 166-213, 1962. 

4. Blanford, W. T. The Fauna of British India. Mammals. London, 1888-91. 

Scotophilus murino-flavus Heuglin. This African bat has been found in 
March carrying 2 large fetuses (1). 

S. nigrita Schreber. This African bat gives birth to i or 2 young (2) in 
March (3). 

1. Lang, H., and J. P. Chapin. AM., 37: 497 - 563 » I 9 i 7 - 

2. Shoriridge, G. C. The Mammals of South West Africa. London, 1934. 

3. Verschuren, J. EPNG., 1957. 
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Chalinolobus 


Chalinolobus argentatus Dobson. Births in this African species are usually 
in March and April. The number of young varies from i to 2 (t, 2). Em¬ 
bryos have been recorded in January (3). 

C. gouldi Gray. In January 22 of 25 females were either pregnant or 
lactating (4). 

C. humeralis J. A. Allen. Embryos have been recorded in February (3). 

1. Lang, H., and J. P. Chapin. AM., 37: 497-563, 1917. 

2. Allen, J. M., B. Lawrence, and A. Loveridge. HMCZ., 79: 31-126, 1935-7. 

3. Verschuren, J. EPNG., 1957. 

4. Simpson, K. G. Victorian Nat., 78: 325-327, 1962. 


Lasiuriis borealis Muller 
RED BAT 


This North American bat mates late in August or early in September (i): 
the young are born late in May and in June. The litter size varies from i 
to 4, with 3 as the usual number (2, 3). About 63 per cent of the females 
with embryos had 3, and of those with young 56 per cent had 3 (3). The 
males have spermatozoa in the epididymis in August and also in March and 
May. None are present in June (4). 

The head of the spermatozoon measures 5.3 (5-^57) X 2.0 /x (1.9-2.3); 

midpiece, 11.2 (10.5-12.2) X 0.8 /x (0.7-1.0); tail length, 67.1 jtx (64.0- 

74-o) (5)- 

1. Stuewer, F. W. JM., 29: 180-181, 1948. 

2 . Jones, C. J. JM., 42; 538-539, 1961. 

3. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

4. Laync, J. N. AMN., 6o: 219-254, 1958. 

5. Hirth, H. F. J. Morphol., 106: 77-83, i960. 

Lasiurus cinereus Peale and Beauvois. The hoary bat of North America 
mates in August (i) and the young are usually born towards the end of 
June or early in July. The number of young is usually 2 (r, 2). 
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L. setninolus Rhoads. This bat has its young, usually 2, late in May or in 
June (2). 

L. semotus H. Allen. This Hawaiian bat has been found in May carrying 
2 fetuses (3). 

L. (Dasypterus) ega Peters. A record of this Mexican bat gives 2 as the 
number of young (4). 

L. fD.j floridanus Miller. This bat has 2 to 3 young late in May and 
early June. The testes contain no spermatozoa from February to September. 
They are plentiful from September to December while they may be found 
in the epididymides from September to February (5). 

1. Bailey, V. NAF., 55: 1936. 

2. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

3. Baldwin, P. H. JM., 31: 455-456, 1950. 

4. Allen, }. A. AM., 22: 191-262, 1906. 

5. Sherman, H. B. Quart. J. Florida Acad. Sci., 7: 193-197, 1944. 


Barbastella barbastellus Schreber 
BARBASTELLE BAT 


The number of young born to this Eurasian bat is usually 2 (i). 

I. FIcptncr, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugeticrc in dcr 
Schulzwaldzone. Berlin, 1956. 


Plecotus auritus L. 
LONG-EARED BAT 


The reproductive cycle in this Old World bat is essentially similar to that 
of other hibernating species. Spermatogenesis is at its height in August, and 
the interstitial cells of the testis are large at that time (i). It does not occur 
in spring, and spermatozoa survive throughout the winter in the uterus (2). 
Copulation is said to take place only in the fall (3). The young, one usually, 
are born in June and July (4). 


I. Courrier, R. AB., 37: i 73 ~ 334 > 1927- 
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2 . Rcdenz, E. Zeit. Wiss. Biol., Zeii. Zellforsch. u. Mikros. Anat., 9: 734 “ 749 > i 9 ^ 9 * 

3. Baker, J. R., and T. F. I^ird. J. Linn Soc., Zool., 40: 143-161, 1929. 

4. Barrett-Hamilton, G. E. H. A History of British Mammals. London, 1910. 


Plecotus (Corynorhinus) rafinesqiiii Lesson 
LUMP-NOSED BAT 


The female of this western North American species mates at 4 months. 
Mating begins in October and continues all winter. No vaginal plug is 
formed. Ovulation takes place from February to April, probably a few days 
after the bats have left their winter tunnels. In 49 of 50 observed pregnancies 
the single embryo was in the right horn, although both ovaries were equally 
active. The spermatozoa survive throughout the winter, for at least 76 days 
and probably to 108 days, but they soon disappear after ovulation. Pregnancy 
lasts about 73 days but its length varies with changes in temperature (i). 
Birth is usually towards the end of June (2). 

The ovaries are well encapsulated and the round ligament is pigmented. 
A medium-sized follicle in October measures 230-300 /x in diameter. There 
is some evidence that copulation provides a stimulus needed for its growth. 
The largest follicle, with a maturation spindle in the ovum, is 400 /x in 
diameter. The antrum is small and the ovum is surrounded by an enormous 
ball of cumulus cells, all of which are ejected at ovulation. This ball of cells, 
together with the ovum, enters the oviduct but the cells arc soon shed. At 
ovulation the first polar body and the second spindle have been formed. 
Fertilization takes place in the upper part of the oviduct. The ovum is 73 /x 
in diameter. Transfer to a warm room does not readily cause the bats to 
ovulate earlier than mid-February but an injection of pregnancy urine is 
effective during the winter. The mature corpus Jutcum is 725 /^x in diameter. 
There is almost always i corpus luteum; a second has been observed once 
but the two were of different ages. In the early stages of implantation the 
cytoplasm of the lutein cells is foamy; later the cells are vacuolated. The 
interstitial cells of the ovary are large in the nonbreeding season; they en¬ 
large still further in pregnancy and arc largest during lactation. Occasional 
reabsorption of embryos has been observed (i). 

In winter the vaginal smear contains many nucleated epithelial cells but 
very few cornified ones and no leucocytes. At the time of ovulation the smear 
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contains mostly nucleated epithelial cells and few cornified ones. At no 
time do sections of the vagina show cornification, but the epithelium is 
deeply stratified (i). 


THE MALE 

The testes are active in the first fall of the bats’ life but they begin to 
retrogress in November. The accessory glands are small. In the mature bat 
the testes begin to enlarge in April and they continue to grow through the 
summer. Spermatozoa are present in September and October. The testes 
then shrink abruptly. The epididymis gradually decreases to a minimum at 
the end of April, but spermatozoa have been found in this organ as late 
as April 27. The accessory glands begin to enlarge in August, arc largest 
in late October and early November, and remain enlarged throughout the 
winter. Copulation occurs in the fall and winter when the interstitial cells 
are small; the relation between the size of these cells and the accessory 
gands is an inverse one. The total volume of interstitial cells in the testis 
shows the same relationships. Castration in November does not disturb the 
epididymis but it does cause the accessory glands to shrink. Abundant 
vigorous spermatozoa remain in the epididymides of the castrates (1). 

The head of the spermatozoon measures 3.8 /x (range 37-4.0) X 1.9 
(1.7-2.0). This is the smallest for all bats that have l)een measured. The mid¬ 
piece measures 8.9 /x (^.5-9.5) X i.i ^ (0.9-1.3) and the tail, 50.0 fx (46.1- 

57-3) (3)- 

1. Pearson, O. P., M. R. Kofoid, and A. K. Pearson. JM., 33: 273-320, 1952. 

2. Mohr, C. K. JM., 15: 49 - 53 ^ 1934 - 

3. Hirth, H. F. J. Morphol., 106; 77-83, i960. 


Idionycteris phyllotis G. M. Allen 

Lactating specimens of this bat have been found in June. At this time the 
males are not producing spermatozoa (i). 


I. Jones, C. J. JM., 42: 538 - 539 , 1961* 
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Euderma maculatum J. A. Allen 
SPOTTED BAT 

In New Mexico lactating specimens have been taken in June. At this 
time none of the males contained spermatozoa (i). 

I. Jones, C. J. JM., 42: 538-539, 1961. 

MINIOPTERINAE 
Miniopterus australis Tomes 

In the New Hebrides this bat copulates at the end of August or the 
beginning of September, i.e., in the spring, and the development of the 
embryo begins at once. One embryo develops, nearly always in the right 
horn. The testes are small in September, but spermatozoa arc still in the 
epididymis, from which they disappear by December (i). The young are 
lx)rn at the end of December or early in January (2). In April the testes 
begin to grow, and by August they attain their maximum weight (i). 

1. Baker, J. R., and T. F. Bird. J. Linn. Soc., ZooL, 40: 143-161, 1936. 

2. Sanborn, C. C., and A. J, Nicholson. Fieldiana Zoo!., 31: 313-338, 1950. 


Miniopterus minor Peters 


This bat from Zanzibar has its young earlier than December, the usual 
time of pregnancy for other species from the same caves. The ovarian cap¬ 
sules are open. The cornua are almost at right angles to the body of the 
uterus. The vaginal epithelium mucifies during pregnancy (i). 

I. Matthews, L. H. PZS., iiiB: 289-346, 1941. 


Miniopterus natalensis A. Smith 


This bat, a native of South Africa, has the ovary enclosed in a capsule 
with a small opening. The ovarian stroma contains much interstitial tissue. 



CHIROPTERA 


117 

The corpus luteum is large and, when young, has a blood clot in the center. 
One young is born at a time, and in 8 pregnant females all the embryos 
were in the right horn of the uterus and all the corpora lutea in the left 
ovary (i). However, late in pregnancy the whole uterus is occupied. Birth 
occurs before the third week of December (2). Embryos have been reported 
in July and November (3). 

The glans penis is minute; the vas deferens has an enlarged ampulla con¬ 
sisting of a mass of connective tissue with numerous diverticula. The pros¬ 
tate is large (1). 

1. Matthews, L. H. PZS., iiiB: 289-346, 1941. 

2. Harrison, L., and P. A. Clanccy. Ann. Natal Mus., 12: 177-182, 1952. 

3. Vcrschuren, J. EPNG., 1957. 


Miniopteriis schreibersii Kuhl 


This bat, a native of southern Europe and Algeria, ovulates in October or 
November and mates and is fertilized at that time. Ovulation is almost in¬ 
variably from the right ovary (i). A single young is usual (2). 

In August the testes are in full spermatogenesis; in September this condi¬ 
tion has ceased, but the interstitial tissue is well developed and the accessory 
organs arc very active. The epididymis is very voluminous and is full of 
spermatozoa. In November some testes have retrogressed while others are 
still well developed, but, although spermatozoa are present, their formation 
has ceased. The interstitial tissue is reduced. This state continues into January 
and April, but the number of spermatozoa diminishes. In April, however, 
the interstitial tissue is showing signs of recovery. At the time of fertilization 
the testes are inactive and the spermatozoa must, therefore, come from the 
epididymis (i). 

1. Courrier, R. AH., 37: 173 - 334 . 

2. Heptner, W. (k, L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in dcr 
Schulz waldzonc. Berlin, 1956. 

Miniopterus macrocnerne Revilliod. In New Caledonia no pregnancies 
arc found until October. They are at their peak in December, and young 
are born at the end of December and early in January (1). 

M. rujiis Sanborn. A pregnant female has been reported in September (2). 

1. Sanborn, C. C., and A. L. Nicholson. Fieldiana Zool., 31: 3 ^ 3 - 338 # ^ 950 . 

2. Verschuren, J. EPNG., 1957. 
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KERIVOULINAE 

Kerivoula 


Kerivoiila cuprosa Thomas. This African bat has been recorded as with 
young in October (r). 

K. lanosa A. Smith. This African bat has been reported to have 2 young 
at a time (2). 

K, picta Pallas. This Asiatic bat has been reported as mating in June. A 
pregnant female was found in October. One young is usual (3). 

1. Verscluircn, J. EPNG., 1957. 

2. Allen, G. M. Bats. Cambridge, Mass., 1939. 

3. Phillips, W. W. A. Ceylon J. Sci., 13B: 1-63, 1924-6. 


NYCTEROPHILINAE 
Antrozoits pallidas Le Conte 
PALE BAT 


This North American bat mates from October to February; and the young 
are born from the middle of May to the end of June after a gestation period 
of about 9 weeks (1). The number of embryos is from i to 3, with 2 in at 
least 67 per cent of cases (2, 3). 

1. Orr, R. T. Proc. California Acad. Sci., Scr. 4, 28: 165-246, 1954. 

2. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

3. Baker, R. H. Univ. Kansas Mus. Nat. Hist., Publ. 9, 125-335, 1956. 


MOLOSSIDAE 

Molossops grcenhalli Goodwin 


Single fetuses have been found in females taken in June. The young are 
born in that month (i). 

I. Goodwin, G. G., and A. M. Grcenhall. AM., 122: 187-302, 1961. 
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Tadarida braziliensts GeofTroy 
FREE-TAILED BAT 


In Florida this free-tailed bat mates in mid-February to late March, at 
ovulation time. One young is born in late May to late June (i). In Texas 
(2) and Oklahoma (3) the season of birth continues until mid-July. The 
gestation period lasts about 11 to 12 weeks. The females arc sexually mature 
at 9 months. The males have a short rutting season, from February to mid- 
April (i). The cells of the discus proligerus do not hypertrophy as they 
do in Myotis luciftigiis (4). 

Fairly large graafian follicles are present in the ovaries at all times of the 
year except when small embryos are present, i.e., for about 2 weeks following 
ovulation. These are almost always in the right ovary only. Spermatozoa are 
not stored in the uterus throughout winter and are found only from mid- 
February to March. The single embryo is almost invariably in the right 
horn. In the male spermatozoa are present in the testes and epididymis in 
February and March. Atrophy occurs in April and lasts until September, 
when proliferation begins in the testes tubules. No spermatozoa, however, 
can be found until the end of January, but they have not yet reached the 
epididymis (5). 

In summer the testes are abdominal and in spring they are partly inter- 
femoral (6). The males are sexually mature at from 18 to 22 months (7). 

1. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

2. Cagle, F. R. JM., 31: 400-402, 1950. 

3. Twente, )r., J. W. ]M., 37: 42-47, 1956. 

4. Wimsatt, W. A. A]A., 74: 129-173, 1944. 

5. Sherman, H. B. JM., 18; I7f>-i87, 1937. 

6. Krutzsch, P. H. JM., 36: 236-242, 1955. 

7. Short, H. L. JM., 42: 533 - 5 i 6 > 1961. 

Tadarida aegyptiaca Geoffrey. Births occurred in September but not in 
March (i). 

T. femorosacca Merriam. This North American bat has been found with 
single embryos at the end of April (2) and the end of June (3). Births 
probably occur late in June and early in July (4). 
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T. midas Sundevall. No lactating or pregnant females were found in 
February but very small embryos were present in March. Females near 
term were found in April, and newborn young in October, so two seasons 
a year are probable (5). 

T. molossa Pallas. This bat has been found with single embryos in May 

(3.6). 

T. teniotis Rafinesquc. At the end of May single embryos near term were 
found. At this time the testes were not enlarged (7). 

T, (Chaerophon) limbata Peters. This African bat has been found with 
large fetuses in January (8). Lactating females have been found in May and 
the young are born in early or mid-April (5). 

T. {C.) pumila Cretzschmar. Females with single large fetuses have been 
found in November (9) and lactating females pregnant with single fetuses 
in May (10). 

T. (C.) russatus J. A. Allen. Of 20 females taken in September 6 had one 
fetus each (ii). 

T. (Mops) congica J. A. Allen. This African bat has been found with 
single large fetuses in September (n). 

T. (M.) faradjitis J. A. Allen. This African bat probably breeds all the 
year; females near term have been found in April and June, lactating females 
in June, and some with small embryos in September (5). 

T. (M.) occipitalis J. A. Allen. The only record for this species is of half- 
grown young in September (12). 

T. (M.) thersites Thomas. Embryos have been found in April (5). 

7 \ (M,) trevori J. A. Allen. A female with a very large fetus has been 
found in September (ii). 

T. (Nyctinoniis) ansorgei Thomas. The only record for this African bat 
is the absence of pregnant females from January to July (5). 

T, (N.) condylura A. Smith. This African bat mates in February and 
gives birth to its young in mid-May. Very small embryos were reported in 
April and large ones in May (5). 

T. (N,) ochracea J. A. Allen. Fdeven of 14 females taken in March carried 
an embryo in the right uterine horn (n). 

T, (Otomops) wroughtoni Thomas. This species of southern India has 
been recorded with late fetuses and new-born young in December. The 
females are not pregnant in May (1). 

1. Brosset, A. Mammalia, 26: 166-213, 1962. 

2. Benson, S. B. JM., 21: 26-29, 1940. 

3. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 
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4. Gould, P. J. JM., 42: 406-407, 1961. 

5. Vcrschuren, J. EPNG., 1957. 

6. Borell, A. E. JM., 20: 65-68, 1939. 

7. Lewis, R. E., and D. L. Morrison. PZS., 138: 473-486, 1962. 

8. Lawrence, B., and A. Loveridge. HMCZ., no: 1-80, 1953. 

9. Allen, G. M., and A. Loveridge. ElMCZ., 89: 147-214, 1941-2. 

10. Harrison, D. L. Mammalia, 22: 592-594, 1958. 

11. Lang, H., and J. P. Chapin. AM., 37: 497-563, 1917. 

12. Braestrup, F. W. Ann. Mag. Nat. Hist., lo(ii): 269-274, 1933. 


Molossus {Eumops) perotis Schinz 
MASTIFF BAT 


The young of this American bat arc born usually in June (1) though 
in some districts the period of birth is prolonged from June to August (2). 
Usually there is i embryo but occasionally 2 have been found (3). The 
testes are enlarged during the spring and small during the summer (3). 
The males have glands on the lower part of the throat which enlarge in 
the breeding season. They are active from December to March and are small 
in summer (4). 

The oviduct joins the uterus at an angle of 120^^. It enters by a papilla 
which is muscular and nonglandular (5). 

1. Cockrum, R. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

2. Cockrum, F. L. J. Arizona Acad. Sci., i: 79-84, i960. 

3. Krutzsch, P. H. JM., 36: 407-414, 1955. 

4. Howell, A. B. JM., i: 111-117, 1919. 

5. Andersen, D. H. AJA., 42: 255-305, 1928. 

Molossus ater St. Hilaire. Pregnant females were found in March and 
lactating ones from July to September. Males were not breeding in October 
but were in breeding condition in December and also from March to August 

(<)• 

A/, major Kerr. Lactating females with single young were found in 
September. Males in breeding condition were found from March to August 

( 0 . 

M. nigricans Miller. This Central American bat has been recorded as 
pregnant in May (2) and November (3). On each occasion a single embryo 
was present. 
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M, {Bumops) underwoodi Goodwin. Pregnant females have been taken 
in May and July. Other females have been giving birth to young or lactating 
in July, which seems to be the usual month for births (4, 5). 

M. (Promops) centralis Thomas. Lactating females have been recorded 
in April (i). 

1. Goodwin, G. G., and A. M. Grcenhall. AM., 122: 187-302, 1961. 

2. Cockrum, E. L. Trans. Kansas Acad. Sci., 58: 487-511, 1955. 

3. Felten, H. SB,, 38: 1-22, 1957. 

4. Cockrum, E. L., and A. L. Gardner. JM., 41: 510-511, i960. 

5. Constantine, D. G. JM., 42: 404-405, 1961. 



Primates 


^ I ^HE main inquiry in regard to primate reproduction has centered around 
menstruation and its significance. Our knowledge of the lower pri¬ 
mates, especially of the Lemuroidea, is very scanty, and, as a means of 
providing links in reproductive behavior between the higher primates and 
other mammals, work on these forms is highly desirable. There is some 
suggestion of a restricted breeding season in many of the lower forms and 
of varying intensity of reproduction with the season in some of the higher 
ones. Also, bleeding into the uterine cavity, often of small amount, at the 
end of the life of the corpus luteum appears to be widespread, but it is not 
sufficient in quantity to produce overt menstruation except in the Old World 
primates. The small amount of bleeding implies that there is less tissue 
destruction in the endometrium. 

Small litters, one or two olTspring at a birth, are the rule throughout the 
Order. The gestation period is unusually prolonged, considering the size of 
the mothers. 


TUPAIIDAE 

TUPAIINAE 
Tiipaia glis Diard 
GREATER TREE SHREW 


In Malaya 50 per cent of the males are fertile at a weight of 114.5 ± .5 g., 
and 95 per cent at 190.6 zb i.o g. (i). Mating is from January to March 
and it declines in April and May. Gestation lasts for 46 to 50 days and 
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there is a post-partum heat. In 7 births 6 were twins and the other a single 
(2). Another account gives the number of embryos as 2 to 4, with 3 the 
usual number (3). 

1. Harrison, J. L. PZS., 125: 445-460, 1955. 

2. Hendrickson, J. R. Nature, 174: 794-795, 1954. 

3. Schultz, A. H. Am. J. Physical Anthropol., N.S., 6: 1-23, 1948. 


Ttipaia javanica Horsfield 
TREE SHREW 


The Javan tree shrew is said to experience proestrous bleeding (i), but 
it is possible that this bleeding and uterine desquamation is menstruation¬ 
like in nature (2, 3.) 

1. Stratz, K. H. Der geschlechtsreife Saugeihiereierstock. Hague, 1898. 

2. Herwerden, M. van. Bijdrage tot de kennis van mcnstrucclcn cyclus en puerperium. 
Leiden, 1905. 

3. van der Horst, C. J., and J. Gillman. South African J. Med. Sci., 6: 27-47, 1941. 

Ttipaia castanea Miller, A female with 2 embryos was found in August 

( 0 - 

T. minor Gunther. In Malaya 50 per cent of the males of the lesser tree 
shrew are fertile at a weight of 163.3 95 4497 — ^73 

Four females each carried 2 embryos (2). Young arc found in September (3). 
T. tana Raffles. A pregnant female has been found in November (3). 

1. Miller, Jr., G. S. Proc. United States Nat. Mus., 31: 247-286, 1907. 

2. Harrison, J. L. PZS., 125: 445-460, 1955. 

3. Banks, E. J. Malay Br. Royal Asiatic Soc., 9(2): 1-139, 1931. 


Urogale everetti Thomas 
PHILIPPINE TREE SHREW 


Eleven births in zoos have given a gestation period of either less than 
50 days (i) or approximately 56 days (2). Of these births 4 have been of 
twins and the rest singles. 
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1. Sncdigar, R. ]M., 30: 194-195, 1949. 

2 . Wharton, C. H. JM., 31: 352-354, 1950. 


LEMURIDAE 

LEMURINAE 
Hapalemtir griseiis Link 

The season of birth in Madagascar is December and January (1). The 
single young is born after a gestation period of 160 days (2). 

1. Schlcgel, H., and F. P. L. P(illen. Fauna Madagascarensis. Leyden, 1867-74. 

2. Pctter-Rousscaux, A. Mammalia, 26(suppl. 1): 1-88, 1962. 


Lemur catta L. 

RING -1 AILED LEMUR 

Puberty in this and other species of the genus is at 2 J 4 years (i). Mating 
is from the end of March to early July and pregnancy continues until October 
or later, when the single young is born. Young are found from November 
until March (2). According to another report most births are in the second 
half of March and rarely after mid-April (3). In the London zoo births have 
occurred in March, April, June, and September, suggesting a much more 
extended season (4). The gestation period lasts about months (i). 

1. Pcttcr-Rousseaux, A. Mammalia, 26(suppl. i): 1-88, 1962. 

2. Kaiidcrn, W. AZ., 9(1): 1-22, 1914. 

3. Dcschambrc, E. Bull. Mus. Hist. Nat., Paris, Scr. 2, 7: 315-319, 1935. 

4. Zuckerman, S. PZS., 122: 827-950, i 95 “'" 3 * 


Lemur macaco L, 
BLACK LEMUR 


In Madagascar this lemur mates from February to May; the single young 
is born from October to January (i). In the London zoo births have taken 
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place mostly from March to early May, with a few in June and September. 
Births in the Giza zoo have been from March to June, with a few in July (2). 
In Buffalo, New York, births have occurred in April and June (3). The 
gestation period lasts about 5 months. Twins are born in about 10 per cent 
of births, and there has been one record of a triplet birth (2). 

In I ,000 counted follicles there were 20 per cent of binovular, 6 per cent of 
triovular, and 4 per cent of multiovular follicles (4). 

1. Kaucicrn, W. AZ., 9(1): 1-22, 1914. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Perkins, R. M. JM., 20: 503-504, 1939. 

4. Harrison, R. J. Nature, 164: 409, 1949. 

Lemur fulvus Geoffrey. The brown lemur has a heat period lasting for 
5 to 6 days (i). 

L. mongoz L. In Madagascar the mongoose lemur is found pregnant from 
July to October; young have been observed in November and December (2). 
A few records from the London zoo give births in April and May (3). 
Usually a single young is born (4). 

L. rubriventer Geoffrey. The number of young this lemur bears at a time 
is usually 2 (4). 

1. Cowgill, U. M., A. Bishop, R, J. Andrew, and G. E. Hutchinson. Proc. Nat. Acad. 
Sci., 48: 238-241, 1962. 

2. Kaudern, W. AZ., 9(1): 1-22, 1914. 

3. Zuckerman, S. PZS,, 122; 827-950, 1952-3. 

4. Rand, A. L. JM., 16: 89-104, 1935. 


Lepilemur mustileniis I. Geoffrey 
GENTLE LEMUR 

In Madagascar the mating season is from February to May; it includes 
the latter half of the rainy season and possibly the beginning of the dry 
season. New-born young are found in October (i). One young is born at 
a time (2). Another account gives the mating season as at the end of June 
with births in October and November after a 4 to 5-month gestation (3). 

1. Kaudern, W. AZ., 9(1): 1-22, 1914. 

2. Hill, W. C. O. Primates, vol. I. Edinburgh, 1953. 

3. Petter-Rousseaux, A. Mammalia, 26(suppl. i): 1-88, 1962. 
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CHEIROGALEINAE 
Cheirogaleus major GeofTroy 
MOUSE LEMUR 

A female was found with 2 full-term fetuses in January. The usual litter 
consists of triplets (i). From June to September the clitoris enlarges, the 
vaginal opening elongates, and the external genitalia become pink-colored. 
During the rest of the year they are quiescent and pale. The vaginal opening 
increases and unites with the urethra in a 25-day cycle. Leucocytes are most 
numerous in the smear during the period of lengthened clitoridal opening 

(2). 

Heat lasts for 4 to 5 days and the closing period for 3 days. In the latter 
phase no cornified cells arc present in the vaginal smear. Epithelial cells 
predominate; leucocytes come in at the end of the period (3). 

1. Kaiulcrn, W. AZ„ q(i): 1-22, 1914. 

2. Pctler-Roiisscaux, A. CRAS., 239: 1083-1085, 1954. 

3. Pelter-Rousseaiix, A. Mammalia, 26(suppl. i): 1-88, 1962. 

Cheirogaleus rnedius GcolTroy. This lemur becomes very fat in the non- 
breeding season. In Paris spermatozoa were present from July on (1). 

I, Pcttcr-Rousseaux, A. Mammalia, 26(suppl. i): 1-88, 1962. 


Microcebus miirinus Miller 

MOUSE LEMUR 


In Madagascar this lemur probably has two annual seasons; fetuses have 
been found in November, January, and February and young in December 
(i). Another report gives the females as all pregnant in October and Novem¬ 
ber, each containing 2 or 3 embryos (2). Triplets are usually produced, but 
there is a record of one female with 4 embryos (i). 

Spermatogenesis begins in July and is at its maximum in October (3). In 
Paris it occurs at the corresponding season of the year (4). 
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In the female the region of the clitoris swells and reddens but the vagina 
closes. There is no bleeding. This period lasts for 4 to 6 days. Then the 
vagina opens and the heat period lasts for 2 to 5 days. Mating is usual at 
the third day. The vaginal smear consists of large epithelial cells, more or 
less keratinized. Leucocytes appear towards the end of this period. Then 
the vagina closes during a period of from 5 to 10 days. During this time 
keratinized cells are absent. The smear consists of epithelial cells, with more 
leucocytes at the end of the period. The interval between heats is variable, 
from 36 to 78 days, but 18 of 23 were between 45 and 55 days. The gestation 
period lasts from 59 to 62 days (4). 

1. Kaudern, W. AZ., 9(1): 1-22, 1914. 

2. Rand, A. L. JM., 16: 89-104, 1935. 

3. Sphuler, O. Zeit. Zellforsch., 23: 442-463, 1935. 

4. Petter-Rousseaux, A. Mammalia, 26(suppl. i): 1-88, 1962. 

Microcebus coqiiereli Grandidier. In the London zoo birth has occurred 
on one occasion in August (i). 

I. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Phaner fureijer Blainville 

In one Madagascar specimen spermatogenesis was in progress during 
July (i). 

I. Petter-Rousscaux, A, Mammalia, 26(suppl. i): 1-88, 1962. 


INDRIIDAE 

Lichanotus (Avahi) lanigcr Gmelin 
WOOLLY LEMUR 

In Madagascar this lemur is pregnant in June or July (i). The single 
young is found from September to November (2). Spermatogenesis begins 
at the end of August and the young are born in the same month (3). 

1. Rand, A. L. JM., 16; 89-104, 1935. 

2. Kaudern, W. AZ., 9(1): 1-22, 1914. 

3. Petter-Rousseaux, A. Mammalia, 26(suppl. i): 1-88, 1962. 
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Propithecus verreauxi Grandidier 
SIFACA 


In Madagascar the sifaca has heats from November to March and pregnant 
females are found from March to July (i). One young is usual (2). They 
mate in February and the young are born from June to August after a gesta¬ 
tion of 5 months (3). 

1. Kaiulern, W. AZ., 9(1): 1-22, 1914. 

2. Rand, A. L. JM., 16: 89-104, 1935. 

3. Peiier-Rousseaux, A. Mammalia, 26(suppl. i): 1-88, 1962. 


Indri indri Gmelin 
INDRI 

The gestation period of the indri lasts for 60 days (i). 
Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 


DAUBENTONIIDAE 

Daubentonia madagascariensis Gmelin 
AYE-AYE 


According to the natives of Madagascar the aye-aye gives birth to its 
young in February and March. One young is born at a time (i). 

t. Kaiidern, W. AZ., 9(1): 1-22, 1914. 
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LORISIDAE 

LORISINAE 
Loris tar digrad us L. 
SLENDER LORIS 


This loris breeds twice a year. The single young, occasionally twins, are 
born in late April or May and in November or December (i). Judging by 
cornified smears there are two breeding periods, in Jiine-July and September- 
November, but only i litter a year is usual since the gestation period lasts 
for over 5 months (2). One report gives 171 days (3). Proestriim lasts for 
7 to 10 days and is marked by enlargement of the clitoris. Heat lasts for 7 
days (3). 

1. Hill, W. C. O. Primates, vol. I. Edinburgh, 1053. 

2. Ramaswami, L. S., and T. C. A, Kumar. Naturwissenschaften, 5: 115-116, 1962. 

3. Nicholls, L. Nature, 143: 246, 1939. 

4. Rao, C, R. N. J. Mysore Univ., i: 57, 1927. 


Nycticebus coucang Boddaert 
SLOW LORIS 


This loris may breed all the year round in its native habitat but fertility 
may increase towards the end of the year (1). One young is usual (2), after 
a gestation period of 174 days (3) or 90 days (4). 

1. Zuckerman, S. PZS., T059-1075, 1933. 

2. Hill, W. C. O. Primates, vol. I. Edinburgh, 1953. 

3. Nicholls, L. Nature, 143: 246, 1939. 

4. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 


Nycticebus intermedins Dao van Tien. In Vietnam a litter of 2 was born 
in January (i), 

I. Dao van Tien. ZZ., 40: 139-141, 1961. 
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Perodicticus potto Muller 
POTTO 


A birth has been recorded in February (i) and suckling young in the 
same month (2). The vagina is always open and does not swell at estrus. 
Judging by the disappearance of leucocytes from the vaginal smear, the 
interval between heats is about 50 days (3). 

1. Hill, W. C. O. Primates, vol. 1 . Edinburgh, 1953. 

2. Hollister, N. Nat. Hist. Mus., United States, Bui. 99: 1-4, 1924. 

3. Petter-Rousseaux, A. Mammalia, 26(suppl. i): 1-88, 1962. 


GALAGINAE 

Galago crassicatidatus Geoffroy 
BUSH-BABY 


In South West Africa all females were found to be pregnant with a single 
fetus in early September (1). In the London zoo births have been recorded 
in May, June, and September (2), and in the Washington, D.C., zoo in 
July (s). In Paris spermatogenesis probably begins in January. It is in full 
swing in August (4). 

1. Pitman, C. R. S. A Game Warden Among His Charges. London, 1931. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Davis, M. JM., 41: 401-402, i960. 

4. Petter-Rousseaux, A. Mammalia, 26(suppl. i): 1-88, 1962. 


Galago sencgalensis Geoffroy 
BUSH-BABY 


The central African bush-baby appears to have a restricted breeding season 
lasting from December to July, with heat periods about 6 weeks apart. The 



132 


MAMMALIAN REPRODUCTION 


distribution of births in the London zoo also suggests a limited breeding 
season, with December and January as its beginning (i) and with most 
births from April to May (2). Some have been recorded scattered through 
other months of the year (2, 3). Heat lasts for 5 to 6 days and is accompanied 
by a colorless discharge from the vulva. The usual number of young is 2, 
range 1 to 2. The period of gestation is 4 months. The female has a long, 
pendulous clitoris (4). Few multiovular follicles are present in the ovaries (5). 

A more recent report gives cycles as recurring all the year round at 4- to 
6'Week intervals, and there is a post-partum heat. However, in the Nuba 
Mountains sexual activity is most intense in mid-December (6). In anestrum 
the vaginal wall consists of a stratum granulosum with but little cornifica- 
tion. At estrus there is massive cornification and desquamation. The mature 
follicle measures 600-700 /x in diameter, and the ovum, 70 /x. The mature 
corpus luteum measures i.5-2.0 mm. in diameter and it bulges above the 
surface of the ovary. But when the embryo is 4.0 mm. in crown-rump length 
the corpus luteum is reduced to t.o mm., and by the time the embryo meas¬ 
ures 12.0 mm. it has become a corpus albicans devoid of luteal cells. This 
is at about one-third of the way through pregnancy, and there are no ac¬ 
cessory corpora lutea (6). 

Measured intervals between heats have been between 36 and 42 days, 
while heats have lasted for 5 to 6 days. For 5 days no leucocytes are present 
in the vaginal smear. At the sixth day they appear quickly and the cornified 
cells disappear (7). 

The male reaches puberty at 20 months (4). In Paris spermatogenesis 
begins in May (7). 

1. Zuckerman, S, PZS., 1059-1075, 1933. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Butler, H. PZS,, 129: 147-149, 1957. 

4. Lowther, F. tie L. Zoologica, 25: 433-462, 1940. 

5. Harrison, R. J. Nature, 164: 409, 1949. 

6. Butler, H. PZS., 135; 423-430, i960. 

7. Petter-Rousseaux, A. Mammalia, 26(suppl. i): 1-88, 1962. 

Galago alleni Waterhouse. In Nigeria and the Cameroons this bush-baby 
breeds all the year round (i). 

G. demidovii Fischer. The breeding season is probably early in October and 
the gestation period 3 months or less (2). But the single young have been 
born in September and April (2, 3). There are also records of pregnancies 
in December and July (i). 



PRIMATES 


133 


1. Sanderson, I. T. TZS., 24: 623-725, 1938-40. 

2. Cansdale, G. S. }. Soc. Preservation Fauna of the Empire, 50: 7-12, 1944. 

3. Lilford, Lord. PZS., 542, 1892. 


Euoticus elegantulus Lc Conte 


This Icmuroid has no fixed season, but in the north Cameroons more 
appeared to be breeding from June to October (1). 

I. Sanderson, I. T. TZS., 24: 623-725, 1938-40. 

TARSIIDAE 

Tarsias spectrum Pallas 
SPECTRAL TARSIER 


The Malayan tarsier is polyestrous and breeds all the year round with 
apparently little seasonal variation (i). The cycles average 23.51^.7 days. 
There is no bleeding from the vagina, and, at the time of heat, the vulva 
swells and the vaginal smear becomes entirely cornified. The stage of full 
cornification lasts for 24 hours and is followed by an invasion of leucocytes 
with recession of the vulva (2). Changes in the uterus have been described, 
but it is not clear to what stage of the cycle they belong. They consist of 
swelling of the glands, mitoses of the epithelial cells followed by localized 
congestion, and extravasation of blood, which is phagocytized and thus 
carried to the uterine cavity. There is no extensive desquamation of uterine 
epithelium (3). The ovary contains few multiovular follicles (4). 

1. Zuckennan, S. PZS., 105(^1075, 1933 - 

2. Catchpole, H. R., and J. F. Fulton. JM., 24; 90-93, 1943. 

3. Herwerden, M. van. Monatsschr. f. (jcb. u. Gyn., 24: 73 ^^ 74 ^> 1906. 

4. Harrison, R. J. Nature, 164: 409, 1949- 
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Tarsi us syrichta L. 


Observations in the London zoo give a cycle of about i month. Occasional 
bleeding takes place. At the active phase the labia minora enlarge and open 
so that the glans clitoridis can be seen. During sexual activity in both sexes 
the yellow color of the lower, nonflexible part of the ear concavity becomes 
more intense. A bright orange powdery secretion may be found there and 
also on the eyelids and chin. When the female is in heat the feces have a 
strong odor. The seminal vesicles arc enormous and a waxy copulation plug 
is produced (i). 

I. Hill, W. C. O., A. Porter, and M. D. Souiliwick. PZS., 122: 79-119, 1952-3. 


ANTHROPOIDEA 

CEBIDAE 

AOTINAE 

Aotes trivirgatus Humboldt 
DOUROUCOULI 


In Panama this monkey possibly breeds in December and the young are 
born in June (i). According to accounts from zoos in the temperate zone 
births have occurred in February, April, May, July, August, and November. 
Reproduction may take place at any time of the year, with a trend towards 
parturition in the summer (2). Birth of twins is frequent (3). 

1. Enders, R. K. HMCZ., 78: 385-502, 1935. 

2. Hill, W. C. O. Primates, vol. IV. Edinburgh, i960. 

3. Sanderson, I. T. The Monkey Kingdom. London, 1957. 
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ALOUATTINAE 
Alouatta palliata Gray 
HOWLER MONKEY 


Not much is known of the reproduction of the howler monkeys of South 
America, but there appears to be no fixed breeding season (i). A single 
young is usually produced at a birth (2). The ovarian wall thins during 
follicular enlargement, and a well-defined stigma is formed on the follicle. 
The theca interna is strongly marked. There is little luteinization of granu¬ 
losa cells in the ruptured follicle before the ingrowth oi capillaries, but some 
luteinization of the interstitial tissue is already occurring. Fat is deposited 
in the cells of the theca interna and of the granulosa. The latter luteinize 
more slowly than the former, but eventually they arc larger. The corpus 
luteum contains a cavity which disappears late in the lutein phase. The wall 
of the corpus luteum disappears so that this body becomes indistinguishable 
from the interstitial tissue (3). 

The epithelium of the vagina keratinizes to a variable degree, and this 
change does not bear much relation to the stage of the cycle (3). 

The endometrium during the follicular phase has low-columnar epithelium 
with basal nuclei. The glands arc straight, with many mitoses. In the luteal 
phase the epithelium is tall, the glands are coiled, and mitoses are frequent. 
Late in this phase there is marked degeneration and some desquamation of 
the endometrium. Red blood cells are extravasated, but these changes are 
not so intense as those which have been described for Macaca (3). The ovi¬ 
duct has a very narrow lumen as it passes through the uterine muscle. It has 
no sphincter, and no folds or villi (4). 

The testes descend near the time of puberty (5). The average testis weight 
is 25 g. (6). 


1. Wislocki, G. B. CE., 414: 173-192, ^ 93 ^. 

2. Leopold, A. S. Wildlife of Mexico. Game Birds and Mammals. Berkeley, Calif., 
1959. 

3. Dempsey, E. W. AJA., 64: 381-405, 1039. 

4. Andersen, D. H. AJA., 42: 255-305, 1928. 

5. Wislocki, G. B. Human Biol., 8: 309-347, 1936. 

6. Schultz, A. H. AR., 72: 387-394, 1938. 
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Alouatta caraya Humboldt. The black howler monkey has been seen 
with very young babies in August and September (i); births are more 
numerous in the spring months (2). 

A. seniculus L. In Surinam a late pregnancy has been recorded in October 
(3). Twins are rare but one pair has been recorded (4). The gestation period 
is about 139 days (5). 


1. Miller, F. W. JM., 11: ia-22, 1930. 

2. Hill, W. C. O. Primates, vol. V. Edinburgh, 1962. 

3. Ziickerman, S. PZS., 1059-1075, 1932. 

4. Schultz, A. H. Zoologica, 12: 243-262, 1921. 

5. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 


CEBINAE 
Cebiis apella L. 
WEEPING CAPUCHIN 


The cycle of this South American monkey is from 16 to 20 days in length. 
Ovulation occurs about 9 days before the onset of menstruation. Copulation 
takes place at, or just before, the time of ovulation. Menstruation, which can 
be detected by the examination of vaginal lavages, is at the time of minimal 
vaginal desquamation, while at ovulation descjuamation is maximal. The 
species breeds all year, but most births occur in May-June and October- 
November (t). In the London zoo births have been recorded in June and 
December after a gestation period of about 6 months (2). A set of twins has 
been recorded (3). 

The injection of 3,500 R.U. of estrogen over a period of 13 days was not 
accompanied by, or followed by, menstruation. A few red cells were found 
in the lavage, but they are believed to have been due to trauma (4). 

1. Hamlett, G. W. D. AR., 73: 171-181, 1939. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Stott, Jr., K. IM., 34: 385, 1953. 

4. Zuckerman, S. J. Physiol., 84: 191-195, 1935. 

Cebus albifrons Humboldt. The injection of 9,000 R.U. of estrogen in ii 
days was not followed by menstruation upon cessation of the injections. 
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While they were in progress epithelial cells in the vaginal smear increased 
in proportion to leucocytes, and after injections ceased the latter increased 
in numbers. Menstruation has not been observed in the normal female (i). 

C. capucinus L. In the Rotterdam zoo two females mated in January. One 
young was born in July and the other at the end of August (2). A July birth 
has been recorded in the London zoo (3). 

1. Zuckerman, S. J. Physiol., 84: 191-195, 1935. 

2. Bemmell, A. C. V. Zool. Garten, 24: 246-247, 1959. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Saimiri sciurea L. 
SQUIRREL MONKEY, TITI 


This species breeds all the year and has i young (t). The gestation period 
lasts 6 months (2). Ovaries in the late follicular stage contained 7 per cent 
of binuclear ova and 2 per cent of trinuclcar ones. Twelve per cent of the 
follices were binoviilar and 3 per cent triovular. In the luteal phase there 
were fewer multiple follicles and more atretic ones (3). 

r. Husson, A. M. Studies on the Fauna of Suriname and Other Guyanas, 1: 13-40, 1957. 

2. Hill, W. C. O. PZS., 138: 671-672, 1962. 

3. Harrison, R. J. Nature, 164: 409, 1949. 

Saimiri oerstedi Reinhardt. This monkey has a limited breeding season. 
There is no sexual skin coloration (i). 

I. Wislocki, G. B. CE., 414: 173-192, 193 ^^* 


ATELINAE 
Ateles geoffroyi Kuhl 
SPIDER MONKEY 


The South American spider monkey has no restricted breeding season (i), 
and the female menstruates periodically for 3 to 4 days at intervals of 24 to 
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27 days (2), The ovarian cycle is similar to that described for Alouatta 
palliata. In both species the corpus luteum becomes indistinguishable from 
the interstitial tissue in the lutein phase of the cycle (1, 3). 

The vaginal wall cornifies in the follicular stage, and a series of ridges 
and denticles develop. These, together with much of the cornificd layer, are 
sloughed off late in this stage and for a short time after ovulation, but, though 
the denticles disappear entirely, some cornified tissue is always present (3). 
The uterine changes resemble those described for Alouatta palliata (3). 

The testes descend early in life, and the penis is covered with black, 
cornified barbs oriented backward from the head to the base of the penis, 
which may engage with the denticles which are present in the vagina of the 
female during the follicular phase. The clitoris is described as gigantic for 
primates, in which group it is usually small (4). 

1. Wislocki, G. B. CE., 414: 173-192, 1930. 

2. Goodman, L., and G. B. Wislocki. AR., 61: 379-387, 1935. 

3. Dempsey, E. W. AJA., 64: 381-405, 1939. 

4. Wislocki, G. B. Human Biol., 8: 309-347, 1936. 

Ateles panisciis L. The gestation period of the black spider monkey has 
been recorded as 139 days (r). The ovaries contain but few multiovular 
follicles (2), 

1. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 

2. Harrison, R. J. Nature, 164; 409, 1949. 


Lagothrix 

WOOLLY MONKEY 


Lagothrix cana Geoffroy. The gestation period is 8 months and ro days; 
puberty is attained at 4 years (i). 

L. lagotricha Humboldt. The gestation period has been given as 139 days 
(2). In a young male the testes weighed 0.7 g. The length of the seminifer¬ 
ous tubules was 226 m. (3). 

1. Hill, W. C. O. Primates, vol. V. Edinburgh, 1962. 

2. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 

3. Knepp, T. H. Proc. Pennsylvania Acad. Sci., 13: 58-62, 1939. 
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CALLITHRICIDAE 

Callithrix {Hapale) jacchus L. 
MARMOSET 


Little is known of the reproduction of the South American marmoset 
although it breeds readily in captivity all the year round (1). Puberty in 
the female occurs at 14 months of age, and the gestation period lasts 140 to 
150 days (2). Combined data give the litter size as i to 3, with a mean value 
of 2.0 zb .06. The chorionic blood vessels anastomose, but no modification 
of the sex of twins has been observed (3). 

1. Zuckerman, S. PZS., 122: 827-950, 1952-3, 

2. Lucas, N. S., E. M. Hume, and H. H. Smith. PZS., 447-451, 1927. 

3. Wislocki, G. B. AJA., 64: 445-483, 1939. 

Callithrix (Mico) argentata L. In the Edinburgh zoo this marmoset has 
borne a single young and twins (i). 

1. Hill, W. C. O. Primates, vol. III. Edinburgh, 1957. 


Leontocebus rosalia L. 
SILKY MARMOSET 


Records of births in November and April have been found (i, 2). Twins 
arc usual (2, 3), and there is a record of a pair that produced a total of 17 
young in their lifetime (4). Another pair had 4 sets of twins in lYi years 
(5). Two litters a year with a po.st-partum heat and a gestation period of 
132 to 134 days are also reported (6). 

1. Zuckerman, S. PZS., 122: 827-1)50, 1952-3, 

2. Ditmars, R. L. New York Zool. Soc., Bui. 36: 175-176, i 933 - 

3. Zukowski, L. Zool. Garten, 9: 61-62, 1937. 

4. Mann, L. Q. From Jungle to Zoo. London, 1935. 

5. Rabb, G. B., and J. E. Rowell. JM., 41: 401, i960. 

6. Ulmer, F. A. JM., 42: 253-254, 1961. 
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Leontocebus {Oedipomidas) spixi Reichenbach. In 35 of 40 pregnant uteri 
twins were found; there were 2 sets of triplets and 3 singles. There were 
usually 2 corpora lutea (t). In Panama one member of this species bred in 
February and 2 young were born in June (2). 

L, {Tawarm) widas L. In the London zoo a mating was first observed in 
September and a single young was born in June (3). 

L. (T.) nigricollis Spix. This tamarin has been reported with 2 young (4). 

1. Wislocki, G. B. AJA., 64: 445-483, 1939. 

2 . Enclers, R. K. HMCZ., 78: 385-502, 1935. 

3. Hill, W. C. O. Primates, vol. III. Edinburgh, 1957. 

4. Rabb, G. B., and }. E. Rowell. JM., 41: 401, i960. 


CERCOPITHECIDAE 

CERCOPITHECINAE 
Macaca cyclopis Swinhoe 
FORMOSAN MONKEY 


Sexual skin swelling is marked in this species, especially in the root of 
the tail, circumcallosities, and vulval region. The modal cycle length is 2S 
days, mean 29.9 days, and range 16 to 49 days. Cycles tend to be suppressed 
in summer. Menstruation lasts 3.34 days. The changes in vaginal secretions 
resembled those observed in A/, fuscata. In one pregnancy the interval from 
menstruation to parturition was 163 days (i). 

r. Asakura, S. Japanese Assn. Zoological Gardens and Aquaria, 2: 85-94, i960. 


Macaca fuscata Blyth 
JAPANESE MONKEY 


The mean cycle length is 24.4 days, mode 22 days, and range of ly ob¬ 
servations, 16 to 37 days. Menstruation lasted 3.5 days. The sexual skin of 
the young adult female swells but it does not in the older ones. In the latter 
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there is, however, marked flushing of the sexual skin, nipples, and face. 
During the follicular stage of the cycle the vaginal secretions were trans¬ 
parent, viscid mucus. This type was found up to the time of maximum sexual 
skin activity. In the luteal phase the secretions were opalescent and flaky. 
The mean gestation period was 5.43 months, range of 13 was from 5.0 to 
6.0, with a mode of 5.3 months. Births were concentrated in the months of 
June and July, with conceptions in January and February. The rectal tem¬ 
perature falls just before ovulation and then rises. The follicular stage lasts 
for 12.0 days, and the lutein stage 10.7 days (i). In the London zoo there 
is a single record of a January birth (2). 

1. Asakura, S. Japanese Assn. Zoological Gardens and Aquaria, 2: 85-94, i960. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Macaca irus Cuvier 
(= M. cynomolgus Boddaert) 
CRAB-EATING MACAQUE 


The notes given here upon Macaca irus refer also to the similar species M. 
fdscicularis rnordax (i). According to Elliott, three separate species, M. irus, 
M, jascicularis, and M. fiwrdax exist, but all are Malayan species and they 
are often included under the one specific name. There is no reason to believe 
that these forms differ in any details of their reproduction. 

In a state of nature the crab-eating macaque appears to breed at any time 
of the year, but the peak of conceptions is in October and November (r, 2). 
In the London zoo births have taken place at all times of the year (3). 
The cycle length is 25 to 29 days (i); 32.4 it: .5 days, mode 30, range 23 to 42 
days (4); or 34.4 ±; 1.6 days, range 24 to 52 days (5). The period of gestation 
is from 160 to 170 days (4). In the laboratory there tends to be an amenorrheic 
season in summer (5). The period of menstruation lasts from 2 to 13 days, 
usually 2 to 6 days. The color of the sexual skin intensifies (becomes redder) 
following menstruation, reaches its height at the mid-interval, and then 
diminishes (5). The time of greatest frequency of coitus occurs at 7 to ii 
days after the beginning of menstruation (1). 

The reproductive tract has been minutely compared with that of man. 
The labia minora are represented by fine membranous folds in the anterior 
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portion of the vulva, and the labia majora are often incomplete, especially 
the ventral portion. The vaginal epithelium is papillated and many lymph 
nodes are present. In the early interval the cells are stratified and cornified; 
later, denudation sets in. Most leucocytes are found just after ovulation. The 
time of greatest denudation is from 9 to 19 days, and of greatest leucocyte 
flow at 2 days and again i day before menstruation, at the time of the decline 
in the color of the sexual skin. The vaginal secretions arc acid (i). 

The cervical canal contains a pronounced fold, absent in man, which ren¬ 
ders the passage tortuous. The uterine muscle contains a strong network 
of crossing fibers, absent in man, between the circular and longitudinal layers. 
At the myoendometrial boundary is a layer of cell islands. These are un¬ 
differentiated in the follicular phase, but at 12 to 14 days glycogen appears 
and the cells become flattened, so that the layer takes on the appearance of a 
muscularis mucosae. Dedifferentiation occurs at the end of the cycle. 1 here 
are two main areas in which the blood vessels branch, the first at the level 
of these myoblasts, and the second near the surface of the mucosa. 1 his 
second layer is mostly concerned in menstruation. Of the part of the en¬ 
dometrium which is shed at this time, two thirds is denuded early, and the 
last third after a slight interval. From days 5 to 14 regeneration occurs. The 
glands and blood vessels are straight at this time. From 8 to 14 days mitoses 
are common and the glands are sprouting. From 12 to 14 days the glands 
become tortuous, the capillary net is well developed, and plasma begins to 
flow into the stroma. From 15 to 18 days the glands are more tortuous, their 
epithelium is higher, and the nuclei are pressed to the bases of the cells while 
secretion begins. At 18 to 24 days mitoses have ceased, and the secretion 
gives glycogen and mucin reactions. Just before menstruation one finds 
hyperemia of the blood vessels and an outpouring of leucocytes. The vessels 
suddenly break down with loss of their epithelium, and blood pours into 
the stroma; denudation follows owing to the loosening of the tissues by the 
previous edema. All these changes closely correspond with those found in 
man (i). 

In the ovariectomized female the injection of 250 to 1,000 R.U. of estrogen 
daily in increasing doses over a 12-day period (6,500 R.U. were injected in 
all) caused swelling of the sexual skin, and menstruation followed cessation 
of the injections (6). 

Testis weight averages 30.8 g. (7). 

1. Joachimowitz, R. Biol. Gen., 4: 447-540, 1928. 

2. Herwerden, M. van. Tijdschr. Ned. Dierk. Vcrcen., 10: 1^140, 1906. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 
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4. Spiegel, A. Zent. f. Gyn., 22: 1762, 1931. 

5. Corner, G. W. AR., 52: 401-410, 1932. 

6. ZuckeriTun, S. J. Physiol., 84, 191-195, 1935. 

7. Schultz, A. H. AR., 72: 387-394, 1938. 


Macaca mulatta Zimmermann 
BENGAL RHESUS MONKEY 


In its native habitat in the Himalayas the rhesus monkey is said to mate 
mainly in September and to give birth in March (1). At lower altitudes 
young tend to be born from March to May and from September to October 
(2). In the Yale Obstetric monkey colony, with far better feeding and man¬ 
agement than is usual, breeding occurs at all times of the year and menstrua¬ 
tion is regular throughout the year. In this colony the menarche has occurred 
at about 2 years and effective breeding about a year later (3). In other colonies 
the age at puberty is about a year later, but reproduction is not regular until 
about 4‘/'2 years. Before this, menstruation may be irregular and it frequently 
occurs without ovulation (4). Puberty is reached gradually, with reddening 
of the buttocks as the first sign. This occurs, on the average, at 3,200 g. of 
weight, and the first menstruation at 3,600 g. (5), or 3,350 g. (range 3,040 to 
3,850 g.) (4, 6), but the average weight at first conception is 5,000 g. (4). 
The cycle length for a scries from several laboratories gave a mode of 28 days; 
a mean of 27.36 it .17 days, and a standard deviation of 5 to 7 days, with 75 
per cent of cases falling between 23 and 33 days (4, 5, 7). The usual duration 
of menstruation is 4 to 6 days, with a spread from 2 to 11 days (7). 

The time of ovulation, which is spontaneous (8), has been determined by 
rectal palpation. It varies from day 9 to day 20 of the cycle, with a pro¬ 
nounced mode at 13 days. The mean is also 13 days, and 77 per cent of ovula¬ 
tions fall from days 11 to 15 inclusive. The postovulatory, or lutein, phase of 
the cycle is by far the most invariable in its length (3). Ovulation occurs 
from the right ovary in 50.8 per cent of the cases, which suggests that 
each sheds one egg with equal frequency. Lactation amenorrhea lasts, on the 
average, for 7 months (4). 

The female permits coitus at any time in the cycle, but desire is greatest 
about 2 days before ovulation. No premenstrual rise has been observed (9), 
in contrast to the condition in man. The majority of conceptions occur be¬ 
tween days II and 14, with a spread from day 9 to day 18 (4). Another 
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record, which includes i6o pregnancies, gives the greatest fertility between 
noon of the eleventh and noon of the twelfth day of the cycle (lo). A single 
mating on day 6 gave 14 per cent success; on day ii, 30 per cent; and on day 
1-3 cent (ii). Twinning occurs at about the same rate as in man, 
about once in 90 to 100 births (3). 

The period of gestation in 29 cases ranged from 146 to 180 days, calculated 
from the probable date of ovulation. The mean was 16:^.7 ±: i.o days, and the 
standard deviation, 8,0 days (4). Another record of 34 pregnancies gave a 
range from 158 to 175 days (12). The sex ratio of 36 births was exactly 
even (4). 


HISTOLOGY OF THE FEMALE TRACT 

OVARY. The corpus luteum of the cycle grows mainly by hypertrophy of 
the granulosa cells, with some growth by theca interna cells in the folds of 
the collapsed follicular wall. There is very little extravasation of blood at 
ovulation, and the fully formed corpus luteum is a solid structure with a 
prominence at the rupture point. Lipid degeneration of the cells occurs at 
the time of menstruation, and traces of the corpora persist for several cycles. 
The maximum diameter of the corpus luteum of the cycle is about 5.5 mm. 
( 4 » ^3)* Three types have been described: the first is the normal one; the 
second is a corpus luteum aberrens, which docs not seem to produce pro¬ 
gesterone and which contains large numbers of theca-lutein cells. This is 
a normal corpus luteum degenerating in an atypical manner. The third is 
similar but is derived from luteinized unruptured follicles (14). The nature 
and fate of the lipids in the cells have been carefully followed (15). The size 
of the ovum without the zona pellucida is 80 g in diameter; with the zona 
it is 109 g (4). The number of ova in one ovary ranges from 50,120 rh 10,600 
to 60,810 ±: 16,470. The right and left ovaries contain about equal num¬ 
bers (16). 

Before the follicle ruptures, the granulosa cells become loosened and assume 
a radial arrangement. Their nuclei stain very densely. Blood vessels invade 
the granulosa layer about 2 days after ovulation. The organization of the 
corpus luteum is completed by days 7 to 9, and the structure begins to de¬ 
generate about day 13 from ovulation. Before menstruation sets in, extreme 
lipid degeneration of the lutein cells begins but the theca cells retain their 
identity (17). 
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In the graafian follicle alkaline phosphatase may be found in both the 
theca interna and the granulosa (18). 

VAGINA, The vaginal epithelium has waves of growth and cornification 
which reach their height at the time of ovulation, and of desquamation, 
which is greatest just after ovulation (7). The vaginal lavage follows a 
similar curve with the greatest number of desquamated cells at the expected 
time, i.e., just after ovulation. Leucocyte counts fall near the mid^cycle and 
rise just before menstruation. On the whole the smear is not a good indica¬ 
tion of the reproductive state, but the number of live leucocytes, i.e., those 
that resist the entrance of dye in a fresh lavage, appears to be significant (4). 
The cells of the vaginal wall are filled with glycogen (7). 

UTERUS. The cervix uteri has several diverticuli in the canal and is more 
contorted than that of man. The line of transition between the cervical and 
vaginal epithelium is clear, but it varies in position in different animals (19). 

During the follicular phase of the cycle the surface of the endometrium 
is intact. Stromal mitoses and an increase in epithelial mitoses are observed. 
At ovulation the stroma is dense. Stromal mitoses remain as before, but 
epithelial ones decline in frequency. A feature of this period is the large 
size of the superficial stromal cells. In the pregravid endometrium there are 
more epithelial mitoses and this layer contains tall, pscudostratified cells 
with much glycogen. The stroma is edematous and the sinuous glands be¬ 
come progressively more dilated with a dense secretion. The basement mem¬ 
brane of the surface epithelium has no capillaries in contact with it. In the 
menstrual phase the capillary bed collapses, edema fluid is lost, and there are 
minute extravasations of blood and necrobiosis. Stromal cells are large and 
there is extensive infiltration of white blood cells. About one third of the 
total endometrium is sloughed off. During the repair stage the surface 
epithelium is low and squamous in type. The stroma is looser and no mitoses 
are to be found near the surface (20). The uterine mucosa after the post- 
menstrual repair has a low surface epithelium; the gland tubules are straight 
and slightly dilated. Glycogen is most abundant in the cells at this time. In 
the lutein phase the glands become spiral and greatly dilated, and their epi¬ 
thelium is high, with roughened surfaces. The surface epithelium is high, 
the stroma l^ecomcs spongy, and mitoses are absent throughout the period. 
During menstruation blood is extravasated in the superficial layer of the en¬ 
dometrium, and the resulting hematoma lift off the epithelium and much 
of the mucous layer. Regeneration starts from the glandular epithelium (7). 

Menstruation without ovulation has been described, and it appears to be 
especially frequent in adolescent monkeys. It occurs through the partial 
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destruction of a preovulatory type of endometrium, and the usual pre¬ 
menstrual changes do not occur at all (21). 

A few red blood cells may be found in the vaginal lavage at about ovula¬ 
tion time in many monkeys. Their appearance is much more frequent in 
winter, at the height of the breeding season, than in summer. Their origin 
does not seem to have been ascertained, and, in view of the occurrence of 
postestrous and proestrous bleedings in lower forms, further work might 
lead to results of interest (4). 

Two types of arteries have been described in the endometrium. One type 
consists of longer arteries coiled for the entire height of the endometrium, 
with many elastic fibrils in their coats. The other type consists of smaller 
arteries which supply the pars basalis. They are devoid of elastic fibrils. The 
first type degenerates after ovariectomy but the second does not (22). The 
first type is involved in the breakdown that occurs in menstruation (23). 

The cilia in the oviducts are active at all times during the cycle (7). Mitoses 
in the epithelium are most abundant when the largest follicles are present 
in the ovaries, and they are most frequent at the ovarian end. Estrogen in¬ 
jections cause mitoses to appear in the tubal epithelium of ovariectomized 
females (24). 


PHYSIOLOGY OF THE FEMALE TRACT 

There is an evanescent swelling of the sexual skin in new-born monkeys 
of both sexes (25). It recalls the so-called genital crisis, or activity of the 
reproductive tract, which has been found in guinea pigs, and is believed to 
be due to the placental transmission of maternal hormones. 

Bilateral ovariectomy at the beginning of menstruation is not followed by 
another period. If the operation is performed 72 hours or more after its 
beginning, or in the preovulatory phase, menstruation follows 5 to 6 days 
later even though the regular menstruation had not ceased at the time of 
the operation (26). These results are significant in relation to the occurrence 
of menstruation without ovulation. Ovariectomy in the postovulatory phase 
is also followed by bleeding (27). Hysterectomy has no effect upon the 
ovaries or on the cycle, as judged by vaginal desquamation or by sexual 
skin swelling (28, 29). 

In contrast to the results of ovariectomy, hypophysectomy early in the cycle 
is not followed by bleeding. If it is done in mid-cycle, when the sexual skin 
is well developed, bleeding follows after an interval of 2 to 4 days (30), 
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Abrupt changes in the color of the sexual skin do not occur during the 
cycle, but the color reaches its maximum intensity during the third week 
and diminishes before the end of the cycle. The swelling follows a similar 
series of changes (31). The skin is brilliantly colored during pregnancy. 
As the brilliance is known to be produced by the action of estrogens, this 
is to be expected (4). 

The pH of the vaginal secretions of immature monkeys is 6.8 to 7.2. Under 
the influence of estrogen injections it fell to 5.5 to 6.0 (32). In mature ovariec- 
tomized females a fall from a level of 6.0 to 5.0 followed the injection of es¬ 
trogens (33). 

The erythrocyte count in the blood is lowest at the beginning and end of 
the cycle and highest at the middle. In the ovariectomized female it rises 
if estrogens are injected (34). 

In the nonpregnant female, androgen excretion is at the rate of 1.6 I.U. 
daily; the efTect of ovariectomy is irregular (35). The excretion of androgens 
during pregnancy is at a maximum level of 7 to 10 I.U. daily. In pregnancy, 
estrogens rise to a level in the urine of 75 to 450 I.U. daily by 60 to no days. 
They remain at a high level until a few days before parturition, then the 
level drops slightly. The excretion of estrogens drops rapidly after parturition, 
but androgens continue to be excreted for a month (36). There is no estriol 
in the urine of the pregnant monkey (37). 

Ovariectomy may be performed as early as the twenty-fifth day of preg¬ 
nancy without causing abortion. The bright red color of the sexual skin is 
maintained throughout gestation and lactation, thus giving further proof 
that during pregnancy estrogens are secreted by tissues other than the 
ovaries (3S). When hypophysectomy was performed between days 27 and 
156 of pregnancy, half went to term with normal duration. Six of these ten 
were delivered alive (30). 

The female is sexually very interested in the male at from 16 to 25 days 
of pregnancy (40). The placental sign, extravasation of blood from the uterus, 
which may be detected in the vaginal lavage, is first given at from 15 to 20 
days, and it lasts 20 to 22 days (41). The pelvic ligament relaxes at 5^4 months 
of pregnancy and is firm again within 3 to 4 weeks after parturition. These 
changes also occur in the ovariectomized pregnant monkey (42). Gonado¬ 
trophic hormones may be detected in the urine for a few days, i.e., from days 
19 to 25, during pregnancy (43). 

The activity of the oviducts during the cycle has been investigated. Spon¬ 
taneous activity is lowest during the follicular phase. At ovulation the con¬ 
traction rate is 8 to 13 per minute; it is not very regular and is rather 
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undulatory in character. Contractions are slower during the lutein phase 
but are more regular, with a rate of 3 to 8 per minute (44). The degree of 
spontaneous activity is said to be greatest at this time and during menstrua¬ 
tion than it is in the follicular phase (45). 

Free progesterone in the plasma is low during and following menstrua¬ 
tion. It is high near mid-cycle; then it decreases, but rises in the latter half. 
It is again low just before menstruation. Bound progesterone is low at all 
times (46, 47). The placental level of progesterone is 30 to 40 times less 
than it is in man (37). 

By calculating the minimal amount of estrogen needed to maintain the 
sexual skin in the ovariectomized female and to prevent the onset of men 
struation, it has been deduced that the minimal daily output of estrogen 
by the female macaque is 150 to 200 I.U. (48). The immature female re¬ 
quires 8 to 10 R.U. of estrogen daily to produce some reddening of the sexual 
skin, but 20 R.U. daily rising to 80 R.U. caused swelling as well as reddening. 
It took a week for the reddening to become appreciable, and by 22 days it 
was maximal. The epithelial cells in the vaginal smear increased and leu¬ 
cocytes decreased. The uterus grew, also the cilia in the oviducts, but the 
ovaries weighed less than normal (4(), 50). 

In the mature ovariectomized macaque the injection of estrogens causes 
growth of the endometrium to the preovulatory stage. If they are given in 
threshold doses, i.e., from 75 to 150 I.U. daily, varying with the animal, 
and injections are continued at this level, bleeding occurs at intervals of 
from 5 to 8 weeks. Higher doses prevent the bleeding from occurring. It is 
believed, therefore, that the threshold of estrogen activity rises and falls in 
a rhythmic manner (51). These facts have given rise to the “estrogen with¬ 
drawal” theory of menstruation, which states that growth of the endo¬ 
metrium is due to the action of estrogen and that when the growth stimulus 
is removed degeneration sets in with consequent bleeding. The average dose 
that will build up the uterus to the stage where bleeding sets in after its cessa¬ 
tion is about 125 I.U. daily for 10 days. The endometrium can be maintained 
after the building up by the daily injection of 50 to 100 I.U. of estrogen or 
by 0.5 mg. (= 0.5 I.U.) of progesterone (48, 52). While 0.5 Rab.U. of proges¬ 
terone will inhibit bleeding for a time, it will not do so indefinitely; for this 
to occur at least i Rab.U. is required (53). 

The threshold single dose of estradiol benzoate that is followed by 
bleeding is 0.75 to i.oo mg. However, in continued tests upon one animal the 
threshold appears to be lower if the initial dose is high and later injections 
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are decreased, and higher if the initial injection is low and the threshold is 
reached by increasing the amount (54). 

By use of the colchicine technique, which causes the accumulation of mitotic 
figures, the degree of sensitivity of various parts of the tract to estrogens 
has been worked out. Epithelial tissues are most sensitive, then stroma cells, 
and, lastly, muscle cells (55). The response of sexual skin to estrogens does 
not depend upon the nervous system, as denervated skin gives the usual 
reaction (56). 

The bleeding that follows estrogen deprivation may also be prevented 
by the injection of testosterone propionate at the rate of 5 mg. daily. This 
amount will not prevent the bleeding that follows progesterone with¬ 
drawal, but 25 mg. daily has this effect (57). This amount injected into 
normal females inhibits ovulation and menstruation and causes the clitoris 
to enlarge (58). The level of hormones required to produce progestational 
proliferation of the endometrium is 150 I.U. of estrogen daily together with 
0.5 mg. of progesterone (53, 59). 

The ovaries of hypophysectomized monkeys will grow follicles if 50 I.U. 
of pregnant mares’ serum is injected daily. If this is followed for 3 days by 
100 I.U., they may be brought to the ovulation level (60). P.M.S. also ap¬ 
pears to be the best substance now available for causing ovulation in 
the summer anestrous period, but it is easy to produce overstimulation and 
luteinization. A dose of 200 I.U. daily has given the best results (61), but 
the time at which injections arc made is important. The best time is from 
the sixth to eighth day of the cycle (62). 

In the anterior pituitary F.S.H. is highest on days 9 to u of the cycle. L.H. 
is also highest at that time but the ratio of L.H. to F.S.H. is highest— 
at 10:1—from days ii to 15. Immature animals had lower levels than 
adults (63). 


THE MALE 

The sexual skin of the male is much less apparent than that of the female, 
but males vary a good deal in the intensity of coloration (13). The male 
excretes i.o to 4.7 I.U. of androgens and i.i to 2.5 I.U. of estrogens each 
24 hours (64). In the adult hypophysis the amounts and ratio of L.H. and 
F.S.H. are as in the female at the beginning and end of the cycle (63). 

The testes regress after birth and, especially, dediflerentiation of the inter- 
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stitial cells may be noted. Spermatogonia increase by the end of the first year 
and a slow development continues until the end of the third. Then follows 
rapid growth with differentiation of the Leydig cells. The earliest spermato¬ 
zoa were found at 2 years, ii months; the latest age for this attainment was 
3 years, 5 months (65). 

In the presence of the testes or during the injection of testosterone the 
contractility of the vas deferens and seminal vesicles is inhibited, but the 
injection of estrogens stimulates them (66). The castrated adult requires 
the daily injection of 5 mg. of testosterone propionate to restore the sexual 
skin to its normal color (however, see above) and to produce normal ac¬ 
cessory organs. When they are produced, they may be maintained with 
weekly injections of 17.5 mg. (67). In the hypophyscctomized male 200 I.U. 
of P.M.S. gave some repair to spermatocytes. Given immediately after hypo- 
physectomy, the same dose reduced the rate of degeneration of the testes, 
maintaining spermatogenesis for 20 days (60). 
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Macaca nemestrina L. 
PIG-TAILED MACAQUE 


Puberty in the female is reached at about 50 months of age (i). In the 
London zoo breeding is year-round and the gestation period lasts about 
170 days (2). The mean cycle length is 32.5 ±; 1.5 days, the follicular phase 
lasting 14 days and the luteal phase 15 to 16 days (i). The sexual skin is well 
marked; it begins to swell during menstruation and regresses shortly before 
the middle of the cycle. The body weight increases in the first half of the 
cycle and begins to decline with the sexual skin. This seems to be due to the 
edema which is associated with the swelling. Less fluid is taken in during the 
swelling phase, but the urine output is much higher during the involutionary 
or luteal phase (3). The sexual skin responds to estrogens when it has been 
denervated (4). The red cell count in the blood is lowest at the beginning 
and end of the cycle, and highest at the middle (5). The period of gestation 
in one case was 171 days, and there was no menstruation or sexual skin 
swelling during lactation (6). 

1. Zuckerman, S. PZS., 315-329, 1937. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Krohn, P. L., and S. Zuckerman. J. Physiol., 88: 369-387, 1937. 

4. Zuckerman, S. PRS., 118B: 22-33, 1935. 

5. Guthkeleh, A. N., and S. Zuckerman, J. Physiol., 91: 269-278, 1937. 

6. Zuckerman, S. PZS., 593-602, 1931. 


Macaca radiata GeofFroy 
BONNET MACAQUE 


The bonnet monkey of southern India has a cycle length typical for the 
genus; four cycles ranged from 25 to 36 days and averaged at 29.5 days. The 
duration of gestation from the probable date of conception, in 3 ca.scs, was 
153, 166, and 169 days (i). The sexual skin is confined to the labia majora 
and the circumanal region, and is mostly an inconspicuous dark purple with 
a little red at the margins of the labia and lateral streaks of red from the 
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sitting pads and the tail base. There is a slight swelling of the area in the 
follicular stage (i). 

The ovaries arc more elongated than tliey are in the rhesus monkey- In¬ 
terstitial tissue consists of a small amount of theca interna and abundant 
hyaline remains of atretic follicles. The cervix uteri is large and complex 
compared with that of the rhesus monkey, and it secretes much more mucus. 
Cyclical epithelial desquamation in the vagina is scanty (i). These facts 
greatly resemble those recorded for the related M. pileatus, which has not 
been treated separately. 

Relaxation of the pelvic ligament as a preparation for parturition begins 
at about 5^/2 months (2). After ovariectomy the injection of 500 M.U. daily 
of estrogen induces a mucus flow, but there is little difference in the color 
of the sexual skin, which also changes but little during the cycle (3). 

1. Hartman, C. G. JM., 19: 468-474, 1938. 

2. Hartman, C. G., and W. L. Straus. Am. J. Obst. Gyn., 37: 498-500, 1939. 

3. Parkes, A. S., and S. Zuckerman. J. Anat., 65; 272-276, 1931. 


Macaca silenns L. 
LION-TAILED MONKEY 


In this species the sexual skin swells. Cycle lengths have varied from 29 
to 69 days, with a mean of 39.6 days. The follicular phase lasted 20.5 days, 
sexual swelling 14.5 days, and the lutein phase 17.0 days. Menstruation 
lasted 2.5 days (i). In southern India the young are born in September (2). 

1. Asakura, S. Japanese Assn. Zoological Gardens and Aquaria, 2: 85-94, i960. 

2. Wcbb-Peploc, C. G. J. Bombay Nat. Hist. Soc., 46: 629-644, 1946-7. 


Macaca sinica L. 
TOQUE MACAQUE 


The toque macac|ue of Ceylon has been treated here as a separate species 
from the bonnet macaque of Bengal, following modern usage. 

The vagina is imperforate until puberty, which is reached at an age of from 
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2/4 to 3 years. At first, mucus is discharged, later bleeding sets in regularly 
in gradually increasing quantities. Puberty is accompanied by the reddening 
of some areas on the face. The sexual skin does not become edematous and 
it fades from bright purple to brownish after menstruation. There is a very 
large colliculus in the cervix uteri. The latter secretes large quantities of 
mucus during the cycle, which is usually 29 days in length. Menstruation 
lasts I to 4 days. The single young may be born at any time of the year (2). 

r. Hill, W. C. O. Ceylon J. Sci., 5D: 21-36, 1030. 

2. Phillips, W. W, A. Ceylon }. Sci., 13B: 261-283, 1924-6. 


Macaca sylvaniis L. 
BARBARY APE 


The cycle of the Barbary ape is usually from 27 to 33 days, with menstrua¬ 
tion lasting 3 to 4 days. The sexual skin is at a maximum at from 9 to 11 
days and remains so for 4 days, after which regression is gradual. The vaginal 
smear is not very informative, but just before menstruation it is caseous and 
richer in epithelial cells. The injection of 310 R.U. of estrogen daily into 
an immature female causes the sexual skin and uterus to develop. If this is 
followed by 24 Rab.U. daily of progesterone, the uterine glands develop to 
the premenstrual level (i). The gestation period is about 210 days, and i 
young is usually born at a time (2). 

1. Courricr, R. Bruxelles MecL, March i, 1936. 

2. Panouse, J. B. Trav. de I’Inst. Scient. Chcrifien, Ser. Zool., 5: 1957. 


Macaca matirus Cuvier. This monkey from Celebes has a 30- to 40-day 
cycle. The color changes in the sexual skin arc striking. At the height of 
swelling, at mid-cycle, the under surface of the short tail is expanded so that 
it forms a bright red spherical swelling continuous with an elongated vulval 
swelling (i). 


I. Zuckerman, S. PZS., Ser. A: 315-329, 1937. 
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Cercocebus 

MANGABEY 

Cercocebus albigena Gray. This mangabey has a cycle length of about 
29 days. It menstruates, and the sexual skin periodically swells (1). 

C. torquatus Kerr. The sooty mangabey of West Africa has a menstrual 
cycle averaging 33.4 ±; .1 days; range, 28 to 46; mode, 30 days (i). Swelling 
of the sexual skin subsides between days 14 and 20. Menstruation was not 
suppressed by the continued injection of estrogens unless they were started 
earlier than day 18 of the cycle (3). In the London zoo births have been in 
May, June, July, and November (3). 

1. Zuckerman, S. PZS., 315-329, 1937. 

2. Zuckerman, S. PRS., 118B: 13-21, 1935. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Vapio comatus GeoflFroy 
CHACMA BABOON 


The chacma baboon of South Africa breeds at any time of the year (i). 
The menarchc was reached at an average of 3.2 years in 15 females. The 
range was 2.5 to 3.6 years. Regular cycles were established between the fourth 
and the seventh cycle and pregnancy followed 2 to 4 years later (2). 

The average length of 404 cycles was 35.6 zt .16 days with a spread from 
29 to 42 days. The period of turgesccnce averaged 19.4 zt .76 days, with a 
spread from 6 to 25 days (3). The modal point of the cycle length appears 
to be about 34 days but the length is rather irregular (4). 

The area of external swelling extends from the root of the tail to a curved 
line drawn through the junction of the abdominal wall with the front of 
the thighs. The changes in this area may be divided into three periods: 
perineal rest, perineal turgescence, and perineal deturgescence. The period 
of perineal rest begins i to 5 days before menstruation and continues through 
menstruation and afterwards for 7 to 25 days. There is a sudden diminution 
in the degree of swelling 24 hours before the maximum is reached, then a 
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sudden great increase which lasts i day. It is believed that the sudden fall 
coincides with ovulation. Perineal deturgescence is usually rapid, but it 
shows great variability. In winter turgescence lasts a shorter time, and the 
rest period is longer, than at other times of the year. The degree of swelling 
is greatest in April and May, i.e., during the fall. At the beginning of 
turgescence a thick white discharge oozes from the vagina. This becomes 
thicker until maximum turgescence is reached, and at this time it forms a 
false vaginal plug. About 8 days before the onset of menstruation the secre¬ 
tion becomes scanty, thin, and clear (4). The period of deturgescence coin¬ 
cides with corpus luteum activity (5). Serum mucoprotein and plasma fibrin 
levels rise with turgescence and fall when it subsides. Fibrinolytic activity 
increased with deturgescence and remained elevated until the onset of men¬ 
struation when it declined precipitously (6). 

Menstruation lasts overtly for 4 to 9 days, though red blood cells may be 
detected microscopically in the vaginal lavage for 4 to 19 days, but usually 
for 9 days (4). One, rarely 2, young are born at a time and the period of 
gestation has varied from 173 to 193 days, though all but two were between 
184 and 193 days, with a mean of 187 days for 14 births (5). There is no 
ovarian activity during lactation (7). 

The changes in the internal organs have been well worked out and they 
are described as resembling those found in Comopithecus hamadryas. The 
diameter of the resting follicle is about i mm., and of the mature fol¬ 
licle, 6.3 mm. There is a wave of growth at the beginning of the follicular 
phase, but it is not necessarily the largest follicle that ovulates. No conelike 
extrusion forms on the follicle that is destined to rupture. At ovulation some 
blood is extravasated, and it remains mostly at the periphery of the develop¬ 
ing corpus luteum. After rupture the follicle shrinks to 4 mm., and all its 
layers are much folded over so that the developing corptis luteum is lobulated. 
Full development is reached very slowly, and theca cells do not share in the 
luteinization. During menstruation the cells of the corpus luteum become 
vacuolated, and connective tissue increases enormously. The lutein cells 
measure ti. 8 /i at their maximal development, which is reached after 7 days 
in the corpus luteum of the cycle. The maximal size of the corpus luteum 
during pregnancy is 6.7 mm., with the cells averaging 21.2 /a. There is no 
evidence for waves of follicular growth and atresia during pregnancy. The 
corpus luteum persists throughout this period but disappears rapidly after 
parturition. Hyaline atresia of follicles is found but it is not so frequent 
as in Macaca irus (8). There are few multiovular follicles (9). 

Growth and kcratinization of the stratified vaginal epithelium begins 
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during menstruation. It continues throughout the follicular phase and pro¬ 
duces a characteristic corrugation of the epithelium. Cornification is inten¬ 
sified at ovulation, and there is considerable sloughing after it. At this 
time leucocytes are scarce, but they increase throughout the luteal phase (8). 

During the luteal phase the endometrium is 5.4 mm. thick. The epithelium 
is high-columnar, with oval vesicular nuclei. Few leucocytes are present. 
The glands are very coiled, with numerous basal buds, and they secrete dur¬ 
ing the mid-luteal phase. The stroma is edematous in its middle zone. At 
menstruation about two thirds of the endometrium is sloughed off (8). 

The cervix is coated with stratified epithelium for 3 to 4 mm. from the 
os uteri, then there is an abrupt change to columnar epithelium, with glands 
which enlarge enormously during pregnancy. There is little morphological 
change during the cycle, but much secretion occurs in the mid-luteal 
period (8). 

The medial third of the oviduct is straight; the rest is coiled. The fim¬ 
briated end is large and deep red. The oviduct as a whole increases in 
vascularity immediately after ovulation (8). 

If progesterone is injected in the first half of the cycle, deturgescence re¬ 
sults and menstrual bleeding may occur. The minimal dose for deturgescence 
is 3 mg., and for bleeding, 20 mg. in a single dose, or 15 mg. if it is given 
in 5*mg. doses at 3 to 4 days apart (10). Deturgescence is also caused by the 
injection of estradiol benzoate early in the cycle; o.i mg. produces slight 
deturgescence, but with 1.0 mg. it is complete. Since the cycles were length¬ 
ened, it is believed that the efTect is produced by an action upon the ovaries 
(11). In the spayed baboon the minimal daily dose for 15 days sufficient to 
produce slight turgesccnce was o.oi mg. of estradiol benzoate. Daily in¬ 
jections of 0.02 to 0.04 mg., usually 0.04 mg., produced an effect similar 
to that found in the normal baboon. The daily dose needed to build the 
endometrium to a state in which bleeding followed the cessation of injec¬ 
tions was .01 to .06 mg., usually o.oi to 0.02 mg. (12). 

1. Zuckerman, S. PZS., 325 ~ 343 » ^ 93 ^* 

2. Gilbert, C, and J. Gillman. South African J. Med. Sci., 25: 99-103, i960. 

3. Gillman. h, and C. Gilbert, South African J. Med. Sci., ii: 1-54, 1946. 

4. Gillman, ]. South African J. Sci., 32: 34 ^- 355 » i 935 - 

5. Gilbert. C, and J. Gillman. South African J. Med. Sci., 16: 115-124, 1951. 

6. Gillman, f., R. A. Pillay, and S. S. Naidoo. JE., 19: 303-309, I 959 * 

7. Zuckerman, S. PZS., 593-602, 1931. 

8 . Zuckerman, S., and A. S. Parkes, PZS., 139 ^^ 9 ^ 1932. 

9. Harri.son, R. J. Nature, 164: 409, 1949. 
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10. Gillman, J. E., 26: 80-87, 1940. 

11. Gillman, f. E., 29: 633-638, 1941. 

12. Gillman, J. E., 31: 172-178, 1942. 

Papto cynocephalus L. The mean cycle length of the yellow baboon was 
33*3 — 7 the range was 25 to 41 days, and the mode was 31 and 32 
days (i). In the London zoo births have occurred in July, October, and 
December (2). 

P. doguera Pucheran. This baboon is probably the one described as P. 
arjuhis. If so, the following record is relevant. The mean length of 20 cycles 
was 34.7 ± .5 days, with a range of 28 to 38 days and a mode of 35 days. 
Menstruation is observed in this species (1). The average testis weight is 
given as 117 g. (3). 

1. Zuckerman, S. PZS., 3i5~329, 1937. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Kinsky, M. AA., 108: 65-82, i960. 


Comopithectis hamadryas L. 
SACRED BABOON 


The sacred baboon breeds all the year round, but the height of the season 
is from May to July and the lowest point is in January and February (i). 
The cycle is 31.4 it .4 days (2) or 36.2 it 1.5 days. Earlier cycles tend to 
be longer than tho.se observed after the animals have settled down to labora¬ 
tory life. The modal length of the cycle is 33 days in both scries, and the 
follicular phase lasts 15 to 19 days. The duration of the lutein phase is 14 to 
15 days (3). The number of young is usually i, rarely 2 (4), and the period 
of gestation is about 170 days, range 154 to 183 days (5). 

The perivulvar swelling grows from the tenth to the fourteenth day of 
the cycle. It remains large for 2 to 3 days and then disappears in 6 or 7 days. 
Altogether it lasts for 3 weeks. Menstruation begins about 3 to 5 days after 
the tumefaction disappears; it lasts for 5 days. Tumefaction begins about 
2 to 4 days after the disappearence of the menses. Vaginal desquamation 
is seen from the end of maximal tumefaction and it lasts for 2 or 3 days. 
From the end of tumefaction to the beginning of the menses an abundant 
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milky fluid may be found in the vagina. The amount of mucus is greatest 
in the cervix at the height of tumefaction; it is more fluid and transparent 
on days 19 and 20 of the cycle, just before the vaginal desquamation. It dis¬ 
appears at the twenty-eighth day. A new cycle begins about 10 to 20 days 
after the young has been born (6). 

The reproductive tract is similar to that of P, comatus, but the organs 
are smaller. The endometrium in the early lutein phase is 3.1 mm. deep, 
with high-columnar epithelial cells which have granular cytoplasm and 
large, oval, vesicular nuclei, usually at the base of the cells. There is a good 
basement membrane; the glands are tortuous and are without the basal buds 
that have been described in man. The glands are barely secreting; there 
is no edema and few polymorphs. In the region of the isthmus the glands 
are shallower, wider, and mostly empty. At the end of menstruation the 
extravasated blood is localized, the glands straight, long, and thin, with little 
secretion. There are numerous leucocytes and also a good basal membrane. 
In the follicular phase the endometrium is 3.S mm. thick. The free edge of 
the columnar epithelium is covered by a thin layer of secretion. The nuclei 
are large with numerous mitoses. The glands are simple, straight tubules, 
few in number and with little secretion. Numerous mitoses and many 
wandering cells arc present. The stroma is open, with numerous mitoses and 
many leucocytes (2). 

Ovariectomy causes an immediate reduction of the color of the sexual skin 
below the resting level. From 60,000 to 80,000 M.U. of estrogen are needed 
to cause com{)lctc swelling of this area (7). 

After castration the male loses its cape of gray fur and the sexual skin 
regresses, both on the snout and on the buttocks. The injection of testosterone 
at the rate of 100 mg. per week restored all these features. The snout began 
to color in 2 weeks, the buttocks were enlarged and began to color in i 
month, and the cape was restored in 5 months (8). The average testis weight 

is 34-'5 g- (9)- 

1. Hartman, C. G. JM., 12: 129-142, 1931- 

2. Zuckerman, S., anti A. S. Parkes, PZS., i 39 -J 9 i. » 932 - 

3. Zuckerman, S. PZS., 3 ' 5 “ 3 ^ 9 > * 937 - 

4. Sliortritigc, G. C. Tlie Mammals of South West Africa. Lontlon, 1932. 

5. Zuckerman, S. PZS., 122: 829-950, 1952-3. 

6. Seguy, )., anti P. Hullier, Arch. Mas. Hist. Nat., Paris, Ser. 6, 12; 309-311, 1935. 

7. Parkes, A. S., anti S. Zuckerman. J. Anat., 65; 272-276, 1931. 

8. Zuckerman, S., anti A. S. Parkes. JE., i: 430 - 439 . > 939 - 

9. Kinsky, M. AA., 108: 65-82, i960. 
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Mandrillus leucophaeus Cuvier 
DRILL 


The drill has a menstrual cycle of 32.6 ± .9 days (t). The injection into 
an immature male of 50 mg. of testosterone twice weekly, working up to 
300 mg. weekly, caused the premature development of secondary sexual 
characters. Within a week the circumanal region of red extended and be¬ 
came more intense; this condition was followed by swelling. At the end 
of the first month the face began to change color, and, by the third month, 
it resembled that of an adult male. In three months the scrotum began to 
color. Removal of one testis proved the immaturity, and when the injec¬ 
tions were stopped the colors faded and the swelling subsided (2). 

r. Ziickerman, S. PZS., 315-329, 1937. 

2. Zuckerman, S., and A. S. Parkes, JE., i: 430-439, 1939. 

Mandrillus sphinx L. The mandrill has a gestation period variously re¬ 
ported as 220 or 270 days (i). 

I. Kenneth, ). H. Gestation Periods. Edinburgh, 1943. 


Theropithecus gelada Ruppell 
GELADA BABOON 


The female of this Ethiopian baboon reaches puberty at 5 years. The 
cycle ranges from 32 to 36 days. There is sexual skin around the neck as 
well as in the perineal region. Like the latter it is subject to periodic swelling 
and reddening. The color is lost as menstruation approaches but the swelling 
comes up as a series of beads and vesicles around the neck. These regress and 
menstruation follows (i). 

Testis weight has been reported as 21.5 g. (2). 

1. Matthews, L. H. TZS., 28: 543-552, 1953-6. 

2. Kinsky, M. AA., 108: 65-82, i960. 
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Cercopithecus aethiops L. 
GRIVET MONKEY 


The African grivet monkey probably breeds all the year-round (i), but 
in the Congo the seasons of the rains in November and May seem to be the 
most favorable (2). In zoos and in the wild all birth records have been 
between January and July (2-4), while a large fetus has been reported in 
January (5). The gestation period is about 7 months (r). Usually i young 
is born and twins are rare (i), but one such birth has been recorded in the 
San Diego zoo (4). 

There is no sexual skin or external swelling. Menstruation recurs at inter¬ 
vals of about 31 days (6). The ovary contains few multiovular follicles (7). 
Injection of large amounts of estrogen into an ovariectomizcd female did not 
cause menstruation or withdrawal bleeding, and no external changes were 
observed (6). 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934, 

2. V^erheyen, R. Inst. Parcs Nat. Congo Beige, 1-161, 1951. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

4. Stott, Jr., K. JM., 27: 394, 1946. 

5. Allen, G. M,, and A. Loveridge. HCMZ., 89: 147-214, 1941-2. 

6. Zuckerman, S. I. Physiol., 84: 191-195, 1935. 

7. Harrison, R. J, Nature, 164: 409, 1949. 

Cercopithecus diana L, This monkey has been reported with a fairly large 
fetus in July (i). 

C. Vhoesti Sclater. A female with a single embryo has been reported in 
February (2). 

C. mitis Wolf. The Pluto monkey menstruates and has a probable cycle 
length of about 30 days (3). Fetuses have been recorded in October (4) and 
February (5), while a nursing baby has been found in January (5). 

C. mona Schreber. A female with a single embryo has been found in 
April (2). 

C. nictitans L. A female with an embryo and two females carrying babies 
have been reported for March (5). The species has been reported as breeding 
all the year with a preference for December to April (6). 

I. Allen, G. M., and H. ). Coolidge, Jr. In R. P. Strong, ed.. The African Republic of 
Liberia and the Belgian Congo. Cambridge, Mass., 1930. 
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2. Eiscntraut, M. Zool. Jahrb., Syst., 85: 619-672, 1957. 

3. Zuckerman, S. PZS., A: 315-329, 1937. 

4. Lawrence, B., and A. Loveridge. HCMZ., no: 1-80, 1953. 

5. Allen, G. M., B. Lawrence, and A. Loveridge. HCMZ., 79: 31-126, 1935-7* 

6. Haddon, A. J. PZS., 122: 297-394, i 95 -“ 3 * 


Allenopithecus nigrovitidis Pocock 


In the San Diego zoo a pair of these monkeys have had a single young 
on three occasions, once in June and twice in July (i). 

I. Poiirnelle, G. H. }M., 43: 265-266, 1962. 


Erythrocehus pat as Schreber 
RED MONKEY 

In one specimen the testes weighed 7.2 g., and the length of the semini¬ 
ferous tubules was 439 meters. Spermatozoa were 3(S.7 long (i). 

I. Knepp, T. H. Proc. Pennsylvania Acad. Sci., 13: 58-62, 1939. 

COLOBINAE 

Presbytis (Scmnopithcciis) cntellus Dufresne 
LANGUR 


The Indian langur probably reaches puberty at 6 to 7 years of age. There 
is a fairly well-defined season of birth which lasts from November to March, 
though some young are born in April. In the Ain hills and the Gujarat 
most young appear to be born after January (i). In Ceylon there is no 
definite breeding season (2). 

Menstruation occurs each month and lasts about 4 days. Extravasation 
of blood begins on the dorsal side of the uterus. The epithelium of the cervix 
is not cast off during menstruation, and the glands in this region actively 
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secrete during this time. In general, the uterine changes recall those found 
in the macaque. Ovulation probably occurs in the interval but menstruation 
may happen without it (3). 

In one instance the gestation period lasted 196 days (4). Twins are not 
infrequent (5). An immature male was injected with testosterone twice 
weekly. By 4 weeks the glans protruded from the penis and the sexual 
skin reddened and became enlarged (6). 

1. McCann, C. J. Bombay Nat. Hist. Soc., 36: 618-628, 1033. 

2. Phillips, W. W. A. Ceylon J. Sci., 13B: 261-283, 1924-6. 

3. Heape, W. TRS., 185B; 411-471, 1894. 

4. Hill, W. C. O. Ceylon J. Sci., 20: 369-389, 1936—7. 

5. Blanford, W. T. The Fauna of British India. Mammals. London, 1888-91. 

6. Zuckerman, S., and A. S. Parkes. JE., i: 430-439, 1939. 

Presbytis aygula L. In the London zoo this langur has given birth to 
young all the year-round (i). 

P. cristatus Raffles. The average testis weight is 5.5 g. (2). 

P, johni Fischer. This langur has no definite season (3). In South India 
young have been observed in June and September (4). 

P. scncx Erxieben. In Ceylon this langur has no special breeding season, 
but the young are generally born from February to March. Twins are 
very occasionally produced (5). 

1. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

2. Schult/, A. H. AR., 72: 387-394, 1938. 

3. PcKXKk, R, I. Fauna of liritish India. Mammals. London, 1939-41. 

4. Wcbl>-PcpK>c, C. G. |. Bombay Nat. Hist. Soc., 46: 629-644, 1946-7. 

5. Phillips, W. W. A. Ceylon J. Sci., 13B: 261-283, 1924-6. 


Nusalis larvatus Wurmb 
PROBOSCIS MONKEY 


This monkey has no fixed breeding season. The gestation period is be¬ 
lieved to last about 166 days (i). 

I. Sanderson, I. T. The Monkey Kingdom. London, 1957. 
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Colobus 

Colobtis baditis Kerr. Lactating females have been found in December (i), 
and two females, one with a small fetus and the other with a large one, 
in September (2). 

C. poly^omos Zimmermann. This monkey has no fixed season for breeding 
and no preferred months (3), 4). 

r. Allen, G. M., and A. Lovcridgc. HCMZ., 75; 47-140, 1933-4. 

2. Allen, G. M., and H. J. Coolidge, Jr. In R. P. Strong, ed.. The African Republic of 
Liberia and the Belgian Congo. Cambridge, Mass., 1930. 

3. Haddon, A. J. PZS., 122: 297-394, 1952-3. 

4. Pournellc, G. H. Inter Zoo Year Book, 2: 83-84, i960. 


PONGIDAE 

HYLOBATINAE 
Hylobates hooloc\ Harlan 
WHITE-BROWED GIBBON 

In one specimen the first menstruation occurred at 7 months. Ten periods 
averaged 27.5 ±3.4 days, and the duration of menstruation, 2 to 4 days, with 
2.6 ±: .7 days as the average. The turgescence of the genitalia was permanent 
and the vaginal smear showed no rhythmic fluctuation with the stage of 
the cycle (i). The number of young is usually one (2). 

1. Matthews, L. H. PZS., 116: 339-364, 1946-7. 

2. Blanford, W. T. The Fauna of British India. Mammals. London, 1888-91. 


Hylobates lar L. 

GIBBON 

The average length of 77 cycles in two adult females of the gibbon was 
29.8 it .6 days, with a range from 2i to 43 days. Bleeding lasted 2 to 5 days, 
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averaging 2.4 days. There is no sexual skin swelling, but the labia vary in 
their degree of extrusion and coloring (i). Puberty is probably reached at 
the age of 8 to 10 years, and there is no regular breeding season (2). One 
young is born at a time. 

1. Carpenter, C. R. AR., 79: 291-296, 1941. 

2. Carpenter, C. R., and A. H. Schultz. Comp. Psychol. Monog., 16: 1-212, 1940. 

Hylobates concolor Harlan. The black gibbon reaches puberty at about 
7 years, according to one observation. Menstruation recurs at intervals of a 
little over a month and lasts about 2 to 3 days (1). 

I. Pocock, R. I. PZS., 169-180, 1905. 


Symphalangus syndactyliis Raffles 
SIMANG 


The single newborn young have been seen at the end of January (i). 


I. Miller, G. S. Proc. United States Mus., 26: 437-483, 1903. 


PONGINAE 

Pongo pyginaeus Hoppius 
ORANG-UTAN 


The cycles of the orang-utan last about 29 days (i). Sexual skin swelling 
is restricted to pregnancy (2). The gestation period lasts about 8 to 9 
months (3). In one zoo specimen it was 263 days (4). In two adults the 
testes averaged 35.3 g. (5). 

1. Zuckerman, S. PZS., A: 315-329, I 937 - 

2. Schultz, A. H. JM., 19: 363-366, 1938. 

3. Brown, C. E. JM., 17: 10-13, 1936. 

4. Graham-Joncs, O., and W. C. O. Hill. PZS., 139: 1962. 

5. Schultz, A. H. AR., 72: 387-394, 1938. 
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Pan satyrus L. 
CHIMPANZEE 


The chimpanzee breeds all the year round. Puberty is gradual with swell¬ 
ing of the sexual skin as the first sign of its approach. This swelling may 
last for some months, and then it subsides; menstruation follows in a few 
days (r). The mean age at first menstruation (mcnarche) is 8 year ii 
months. The young females are not immediately fertile, and they may not 
become pregnant for from 4 months to 2 years, with a usual interval of from 
^ 1V2 years. The mean cycle length during the first few months is 50 ±: 

4.4 days; later, when the females are fully adult, the mean length becomes 
34 35 days, which may be taken as the true mean cycle length. In adoles¬ 

cents, during winter, there is a tendency to a prolonged preswelling stage 
with amenorrhea. Isolation, copulation, and the sex of the cage mate have 
no effect upon the cycle length. Ifie most constant parts of the cvcle are 
the postswelling stage and menstruation. The latter lasts about 4 days in 
adolescents and 2 to 3 days in adults (2). The spread is from i to 7 days (^). 

The sexual skin docs not show such marked color changes as those ob¬ 
served in macaques, but the swelling is very great, amounting in some cases 
to an increase of 1,400 cc. in volume. It is caused by the accumulation of 
intercellular fluid. For several days after menstruation the sexual skin area is 
quiescent, then swelling begins, the time depending upon the length of the 
cycle. At first the labial and circumanal regions arc involved, then it spreads 
anteriorly through the prepudendal region and laterally to the callosities. 
Usually the maximal swelling is reached at about the fifteenth day of the 
cycle, and it subsides about ii days before menstruation begins, but there 
is often a partial renewal a day before menstruation. Detumesccnce is rapid, 
occupying about 48 hours (3). The two periods of maximal swelling coincide 
with, or just precede, the periods of greatest estrogen excretion in the urine. 

Ovulation occurs usually from the sixteenth day of the cycle onward, as 
judged by the dates of fertile matings, but it is believed that a more accurate 
dating can be made by referring it to the probable date of the next menstrua¬ 
tion. By this method it is believed to occur about 14 days before the next 
missed period, a time which is in close agreement with that in macaques 
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and man (4). A definite rhythm of sexual receptivity has been observed. 
This is zero during menstruation and in the immediate postmenstrual period. 
Maximal receptivity occurs between the middle and the end of the time of 
maximal swelling, then it falls to zero and remains so for the rest of the 
cycle, i.e., it falls abruptly at days 18 to 22 (5). 

The vaginal smear changes somewhat during the cycle. The number of 
epithelial cells falls just before menstruation and increases early in the lutein 
phase. Leucocytes are very variable (6). A vaginal plug is formed after 
copulation (7). 

The number of young born is usually i; six pairs of twins were born 
in 120 parturitions. The mean duration of gestation is 226.8 days from the 
probable date of conception. The range is from 196 to 260 days, and the 
standard deviation is 13.3 days (8). 

The excretion of estrogens in the urine amounts, at its maximum, to 200 
to 400 I.U. per 24-hour sample. The peak is reached at the time of maximal 
genital swelling and just before menstruation. The excretion of androgens 
is about 4 to 8 I.U. daily, and it is subject to irregular variation. Males excrete 
about twice as much androgen and somewhat less than half as much estrogen 
as females (9, 10). 

The injection of 3,000 R.U. of estrogen over 3 days into an immature 
ovariectomized female caused sexual skin swelling to begin. It reached its 
maximum by 15 days, when 16,000 R.U. had been given (ii). 

The Aschheim-Zondek urine reaction for the diagnosis of pregnancy is 
given by the chimpanzee, but it appears to be usable only for a limited period 
toward the beginning of pregnancy (12). This reaction depends upon the 
excretion of gonadotrophic hornKjnes. In three specimens the average testis 
weight was 118.8 g. (13). 

1. Schultz, A. H,, nnd }\ F. Snyder. Bull. Johns Hopkins Hospital, 57: 193-205, 1935. 

2. Young, W. C., and R, M. Yerkes. E., 33: 121-154, 1943. 

3. Elder, J. H., and R. M. Yerkes. AR., 67: ii 9 -i 43 > 

4. Elder, J. H. Yale J. Biol. Med., 10: 347-364. i 93 «- 

5. Yerkes, R. M. Human Biol., ii: 7S-1H, 1939. 

6. Tinkclpaugh, (). L., and E. van Campenhout. AR., 48: 309-322, 1931. 

7. Tinkclpaugh, O. L. AR., 46: 32 <« 3 - 2 , i 93 o- 

8. Peacock, L. M., and C. M. Rogers. Science, 129: 959, 1959. 

9. Allen, E., A. W. Diddle, T. H. l^urford, and J. H. Elder. E., 20: 546 - 549 . 1936. 

10. Fish, W. R., W. C. Young, and R. I. Dorfman. E., 28: 585-592, 1941. 

11. Zuckerman, S., and J. F. Fulton. J. Anat., 69: 38-46, 1934. 

12. Zuckerman, S. AjP., no: 597-601, 1935. 

13. Schultz, A. H. AR., 72: 3 ^ 7 - 394 . 1938. 
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Gorilla gorilla Savage and Wyman 
GORILLA 


In the Columbus, Ohio, zoo a female reached puberty at about 5 years (i). 
The cycles last about 45 days (2), and the gestation period was about 257 
to 259 days in the case of a baby born in captivity in December (i). A 
single testis weighed 20.6 g. with the epididymis; without it the weight was 
11.6 g. (3). 

1. Thomas, W. D. Zoologica, 43: 95-104, 1958. 

2. Noback, C. R. AR., 73: 209-225, 1939. 

3. Hall-Craggs, E. C. B. PZS., 139; 411-414, 1962. 


HOMINIDAE 
Homo sapiens L. 
MAN 


The mean age at the menarche for about 115,000 cases, mostly of whites 
in many countries, is 15.45 ±: .006 years; standard deviation, 2.15; and mode, 
14.5 years. It is generally held that it is earlier in races living in warm climates 
than in those inhabiting colder ones. The evidence hardly supports this view, 
and doubtless other factors, especially that of nutrition, modify the data, 
which have been summarized in graphic form (i, 2). More recent data indi¬ 
cate that differences are being obliterated and that a mean age of about 14.6 
years is now practically universal (3). The menarche occurs much less fre¬ 
quently in summer than in winter in New York (4). The human subject 
probably frequently experiences menstrual periods without ovulation in the 
earlier years of reproductive life, and a few such cases have been recorded (5). 

Accurately recorded cycle lengths are few and far between, and the vari¬ 
ability is greater than is usually realized. Material gathered from several 
sources gave, after abnormally long cycles had been eliminated, following 
our practice with other mammals, a mean length of 28,32 rt 0.6 days, a stand¬ 
ard deviation of 5.41 days, and a modal length of 27 and 28 days. Eighty 
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per cent of the cycles lay between 21 and 34 days. These figures are very 
close to similar ones calculated for the rhesus monkey; the mean length 
is one day more in man. The duration of menstruation normally varies from 
2 to 8 days, with a mode at 5 days (6). 

The time of ovulation in relation to the cycle has occasioned much con¬ 
troversy. Several lines of evidence agree in dating it near the middle, count¬ 
ing from the first day of menstruation (7). According to some workers (8) 
it occurs invariably 15 days before menstruation, but most are unwilling to 
agree that it is so definitely fixed. It would constitute a most unusual biologi¬ 
cal phenomenon if there were not some variation. Attempts have been made 
to solve the problem by plotting the times at which a single coitus within 
the cycle must have been the cause of a pregnancy (9). These have shown 
that conception may result at any time but that it is most likely in mid-cycle. 
Work of this nature is open to the criticism that it depends upon statements 
that may be unreliable. Biologically it is only an approximation because the 
data are plotted on a standard 28-day cycle, which is merely the average 
duration. The data cannot be plotted exactly since the fact that pregnancy 
has ensued interrupts the cycle. One statement is to the effect that ovulation 
usually occurs 14 ±: 2 days before the appearance of the next menstrual 
period but that there is a spread from the eighth to the twentieth day count¬ 
ing from the beginning of the menses (10). 

A phenomenon which, so far, has been found definitely only in man is 
the menopause, or cessation of ovarian function, at a fairly definite time of 
life. This is a very gradual process, as, toward the end of reproductive life, 
the cycles become more irregular. The modal age at the menopause has been 
given at 49 years (i). The ovaries become less responsive to gonadotrophic 
hormones at this time, and the amount of follicular atrophy increases to¬ 
gether with the amount of connective tissue. The amount of F.S.H. in the 
anterior pituitary increases and a gonadotrophe consisting almost entirely of 
F.S.H., or its equivalent, appears in the urine. These changes in the activity 
of the pituitary and excretion of F.S.H. are also found in ovariectomized 
women soon after the operation (ii). Probably, if we had more information 
upon the latter part of life in other primates, similar findings would be 
recorded for them. The cessation of reproduction in rats is a much more 
gradual process, some ceasing early and others continuing to be in good 
reproductive condition to the end of a very long life. They do not show a 
ces,sation of reproduction at a fairly definite age as does man. 

Fecundity has been thoroughly studied and the results may be found in 
books on population statistics. Twinning usually occurs once in about 83 



170 


MAMMALIAN REPRODUCTION 


births; triplets are said to occur once in 83^ and higher numbers in increasing 
powers, an approximation which gives a good idea of their relative frec]uency. 
The frequency of twin births varies with the race. Negroes have a high 
rate, i : yo.j for births in the United States. For the same period of years 
(1922-36) the rate among whites was i : 88.6 births (12). Yellow races have a 
very low rate of twin births; 1 : 145 is a figure quoted for Japan (13). About 
25 to 29 per cent of twins born to white parents are monozygotic twins, i.e., 
they are derived from a single fertilized ovum. Most of the difference be¬ 
tween the Mongolian and the white frequencies is due to a relative deficiency 
of dizygotic twins among the former. In Japan, the frequency of dizygotic 
twins is only one-fourth to one-third that in American whites or Negroes, 
but that of monzygotic twins is much the same in each race. Similarly in 
India and Ceylon the proportion of monozygotic twins to dizygotic twins 
IS 2 to I (14). The genetic tendency to produce monozygotic twins is a 
human characteristic and it varies little with race. On the other hand the 
tendency to produce dizygotic twins does vary and it may, therefore, depend 
genes that are not uniformly distributed throughout the human species. 
As an illustration of this tendency to produce twins the character has been 
traced for several generations in some families, in one for 8. In this pedi¬ 
gree the tendency was inherited as a recessive (15). It is difficult, for obvious 
reasons, to obtain evidence on the biological frequency of births or the effects 
of various factors on fecundity in man. There is evidence, however, that only 
children are no less fertile than average (16), and that the number of children 
to the family is less for fathers at the highest and lowest intelligence levels 
than in the middle levels. The intelligence level of the mothers seems to 
have little influence in this respect (17). Probably sexual ability is involved 
in these relationships. 

The sex proportion for a very large body of statistics is 51.4 per cent males. 
Racial and national differences have been observed, but it is not clear how 
far these are due to imperfections of registration (18). A compilation of 46 
million births in Western Europe gave a proportion of 51.34 per cent males, 
very close to the figures quoted above for the United States (19). 

The duration of gestation is usually calculated from the first day of the 
last menses. One set of data calculated in this way gave 280.2 ± .4 days, 
standard deviation 9.2 days. Another set calculated from the last day of 
the last menses gave 274.0 ± .4 days, standard deviation 10.4 days. When 
allowance is made for the duration of menstruation, these averages are in 
close agreement. If the average data of ovulation is 13 days from the last 
menses, the average actual duration of gestation is 267 days. The duration 
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of gestation in man is more variable than it is in any other species for which 
records are available (20). 


THE FEMALE 

The histology of the tract of women is similar to that of the rhesus and 
the crab-eating monkey and the changes during the cycle are essentially 
the same. Since accurately dated nonpalhological material is scanty, the 
literature is not reviewed in detail here. 

In the ovary neogenesis of ova has been suggested as taking place in adult 
life, principally from the germinal epithelium (21). The theca interna of 
the mature ovum contains alkaline phosphatase which disappears after ovula¬ 
tion. There is none in the granulosa (22). In the developing corpus luteum 
capillaries invade the granulosa on day 2 and reach the cavity by day 4. 
The theca interna and the granulosa are indistinguishable from each other 
on day 3. Fibroblasts invade the central cavity on day 5 On day 6 it becomes 
again possible to distinguish the theca interna and granulosa elements. On 
day 7 thin-walled venules line the border of the central cavity and communi¬ 
cates with engorged collecting veins. By day 8 a connective-tissue layer lines 
the central cavity. From days 9 to 12 a progressive exhaustion of the secretory 
cells sets in; the granulosa elements shrink and a widespread vacuolization 
may be observed. The central cavity enlarges. On days 13 and 14 “mulberry” 
cells may be observed with the oil immersion lens (23). 

In the oviduct the number of secretory cells increases towards the uterus. 
During the hjllicular phase of the cycle the epithelial cells arc at their highest 
and the secretory cells arc lowest, as this is the time of their maximum 
secretory activitv. There seems to be no cyclical variation in the number or 
height of the cilia. At ovulation the amount of alkaline phosphatase and 
supranuclear glycogen decreases while nonspecific esteras increases (24, 25). 
Contractions during the mid and late interval are rapid and variable in 
height, while in the premenstrual and menstrual phases they are slower 
and more uniform in amplitude (26). 

During the proliferative phase uterine contractions increase in frequency 
as ovulation approaches. They last for about 10 to 15 seconds and their 
amplitude varies. At this time the motility of the isthmus and cervix in¬ 
creases. The peak of motility is reached at ovulation. In the secretory phase 
the frequency decreases. In the isthmus, and especially in the corpus, con¬ 
tractions of long duration and frequently of very high amplitude but with 
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long refractory periods are found. At menstruation the activity is low and 
there is focuses on the corpus. The amplitude is high, duration short, with 
long refractory periods during which the muscle is relaxed (27, 28). By 
the balloon method rapid feeble contractions have been found throughout 
the cycle with a marked increase in frequency at ovulation. Slower and 
more powerful contractions were found only during the postovulatory period 
and at ovulatory menstruation. The evidence suggests that the first type is 
under the influence of estrogens and the second, of progesterone (29). The 
utero-tubal junction is not guarded by a fold of mucosa (30). Air can be 
forced from the uterus into the tube at a pressure of about 100 mm. mercury, 
but when the flow is established the pressure falls to 40 mm. (n)- 
vaginal smear can be used with care for distinguishing the phases of the 
cycle, but the changes are not clear-cut. The percentage of cornified cells 
rises sharply at about the time of ovulation, and there is some indication 
that it does so also just before menstruation in ovulatory cycles. Leucocytes 
are more abundant just after ovulation. The amount of desquamation is 
less in man than it is in the rhesus monkey (31, 32). 

The pH of the vaginal secretions varies from 4.0 to 5.0 depending upon 
the stage of the cycle. The highest degree of acidity is found in mid-cycle, 
at about the time of ovulation (33). The reaction in man is considerably 
more acid than that found in any other species, including the macaque, in 
which the acidity is also somewhat unusual. 

The levels of sex hormones in the blood and urine have been intensively 
investigated, and charts have been made illustrating the changes with the 
cycle. Recently the findings have been summarized (10). A peak in estrogen 
excretion in the urine, about t,ooo l.U. in 24 hours, occurs at mid-interval, 
near ovulation time. A second peak is reached a few days before the onset 
of menstruation. Most of it is present as estriol (34, 35). In the blood, 
estrogens are low until near ovulation, about 30 I.U./L, then there is an 
abrupt rise to a level of near 60 I.U./l. which is maintained until day 22, 
when it abruptly falls (36). 

Progesterone is excreted in the urine as pregnanediol. The level of the 
former in the corpus luteum is about 20 /^g./g. of tissue; it is highest in the 
6-day-old corpus luteum and finally disappears at 18 days (37). In the urine 
pregnanediol appears about 24 hours after ovulation, reaches a peak in a few 
days, and disappears rather abruptly i to 3 days before menstruation (38). 

Small quantities of gonadotrophic hormones are found in the urine during 
the cycle. There is a peak of F.S.H. excretion at mid-cycle and L.H. is also 
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high at this time. The level falls during the luteal phase and rises 
towards its end, a rise that continues into menstruation (39). There is also 
a gradual rise in the level throughout the reproductive life. This rise ac¬ 
celerates with the approach of the menopause and continues for several 
years afterwards (40). 

In pregnancy estrogens appear in considerable amounts in the urine. The 
level is low for the first 8 weeks, 200 to 1,000 I.U. daily; and it rises steadily 
to term, when 15,000 to 40,000 I.U. are excreted each day (35). Corresponding 
changes have been observed in the level of estrogens in the blood. Preg- 
nanediol is found in the urine during pregnancy, but it is not excreted in 
greater amounts than in the luteal phase of the cycle until the sixty-ninth day. 
It then rises steadily until delivery, when the amount excreted falls abruptly 
(41). Progesterone in the peripheral venous blood increases from ii to 35 
weeks of pregnancy from 4 /ig./ioo ml. to 26 /xg./ioo ml. Then it increases 
more rapidly. It may be noted that the half-life of progesterone in circulating 
blood is 5 minutes or less. The corpus luteum and placenta must be secreting 
very actively (42). 

Gonadotrophic hormones have been found in the blood and urine of the 
newborn, and they are believed to have originated in the mother and to have 
crossed the placenta. Their appearance is brief and inconstant and may be 
related to the “genital crisis,” or brief uterine hemorrhage, found in some 
newborn babies (ii). They reappear in appreciable quantities at the men- 
arche and have been observed to fluctuate with the cycle, the amount reaching 
a peak in the mid-interval, but the individual variation is great. It has been 
stated the F.S.H. activity is more apparent in preovulatory blood than it is 
later. During pregnancy the amount of gonadotrophic hormone in the urine, 
principally L.H. in type, rises rapidly from about the time of the first 
missed period to the sixtieth day. Then it gradually declines, but the amount 
is still appreciable at parturition (ii). The human female differs from other 
species in this respect. Such gonadotrophins are found for a limited time 
in the urine of the [ircgnant chimpanzee, and, for a still more limited period, 
in that of the pregnant macaque. Other species that have been tested, except 
the giraffe, have given negative results. The hormone is of placental origin. 

The anterior pituitary is exceptionally high in F.S.H. and low in L.H. 

(43)- 

At the time of ovulation there is a rise of approximately 1° F. in the basal 
body temperature. The elevated temperature is maintained until the begin 
ning of the next menses and seems to be associated with the action of pro- 
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gesterone (44). By applying the benzidine test to vaginal secretions it has 
been found that 94 per cent of ovulating women showed a little blood at the 
time of, or just after, the rise in body temperature (45). 

The amount of estrogen needed to build the endometrium of the ovari- 
ectomized woman to the point at which bleeding follows cessation of the 
injections is 1.5 to 2.0 mg. of estradiol benzoate weekly (46), or 4,200 I.U. 
daily. The amount of progesterone secreted by the corpus luteiim may be 
estimated by the amount of pregnandiol excreted. If this is a reliable indica¬ 
tion, the methods of assay are not yet very accurate, the corpus lutcum of 
the cycle secretes between 5 and 20 mg., daily (5). At the third month of 
pregnancy the amount is about to 10 to 20 mg. daily (46). It is not certain, 
however, that all of this substance is produced by the corpus lutcum; the 
fact that pregnancy may be continued after ovariectomy as early as the 
second month is an indication of secretion by another organ, probably the 
placenta. 


THE MALE 

The normal ejaculate of the male is about 3 to 5 cc., containing 100,000,000 
to 150,000,000 spermatozoa per cc. (47). The pH varies from 6.9 to 7.36, 
with an average of 7.19, Prostate fluid ranges from 6.3 to 6.6, average 6.45, 
and that of the seminal vesicles averages 7.29 (4S). Human semen is excep¬ 
tionally well buffered (49), which may explain why the spermatozoa are 
able to survive the exceptionally acid reaction of the vagina. It is licpiid when 
it is ejaculated and rapidly coagulates, but licjucfies in a few minutes. The 
prostatic fluid is rich in an enzyme, fibrinoh sin, which liquefies fibrin 
(50, 51). Prostatic fluid is high in Na, K, and Ca, and that of the seminal 
vesicles is high in acid-soluble phosphate (4‘S). Other constituents of the 
semen include too /Ag./l. of estrogens, mainly estrone (52), inositol, 58 
mg./ioo ml. (53), and sialic acid to the extent of 124 mg./ioo ml. Prostatic 
fluid contained 61 mg./ioo ml, and seminal-vesicle fluid, 231 mg./ioo ml. 

(54)- 

Androgen excretion in the urine averages 13.8 mg. daily, but the range 
is considerable, being from 8.1 to 22,6 mg. Excretion of these substances 
does not follow a cyclical pattern. The castrate excretes about half the 
amount of androgen excreted by the normal male, and, in normals, the 
amount decreases with advancing age (ii). Normal females excrete about 
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the same quantities of androgens as do normal males; and the male excretes 
estrogens, but without cyclical variation (ii). 

Spermatozoa take 19 to 23 days for their passage through the epididymis 
(56). I hcir length of life in the female tract is for a limited time only, but 
reports of maximum survival vary from 2 to 5 days. The vagina is the least 
healthy environment for them and the cervix the best (ii). 

In isolated tissues spermatozoa travel through the uterus in about 27 
minutes and through the oviduct in 42 minutes, giving a rate from cervix to 
infundibulum of 65 to 75 minutes (57). 

Successful artificial inseminations have been carried out from day 10 to day 
20 of the cycle, indicating the amount of spread in ovulation time. Most 
successes were from days 10 to 15 (58). The previous cycles tended to be 
short lor the early successes and long for the late ones. 

In one testis the length of seminiferous tubule was 250 meters (59). 
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Edentata 

(XENARTHRA) 

MYRMECOPHAGIDAE 

Myrmecophaga tridactyla L. 
GIANT ANTEATER 


A RECORD of a female with a single embryo was obtained in Brazil (i) 
The gestation period is 190 days (2). 

r. Miller, F. W. JM., ii: 10-22, 1030. 

2. Kenneth, J. H. Cjcstation Periods. Edinburgh, 1943. 


Tamandiia tetradactyla L. 

There is a record of a female that gave birth to a single young (i). 
I. Webb, C. S. The (Xlysscy of an Animal Collector. New York, 1954. 


Cyclopes didactylis Gray 
TWO-TOED ANTEATER 


This anteater produces 1 young at a birth. In Panama it breeds in Decem¬ 
ber and January (i). 


I. Enders, R. K. HCMZ., 78: 383-502, 1935- 
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BRADYPODIDAE 

BraJypus 

SLOTH 


Bradypus cttculliger Wagler. The three-toed sloth mates from March to 
April and the single young is born in July or August, mostly about August 
I (i). 

B. griseiis Gray. The single young are usually born from July to Septem¬ 
ber (2). Breeding is probably year-round but mostly early in the dry season. 
The gestation period lasts from 4 to 6 months (3). 

1. Becbee, W. Zoologica, 7: 1-67, 1926. 

2. Goodwin, G. G. AM., 87: 271-474, 1946. 

3. Britton, S. W. Quart. Rev. Biol., 16: 13-34, 1941. 


Cholocpiis 

TWO-TOED SLOTH 

Choloepiis didactyliis L. A single young was born in the Detroit 7X)0 
in February after a gestation of at least 263 days (i). 

C. hoffrnanni Peters. In December both lactating and pregnant females 
were found in Panama (2). In the London zoo a birth of a single young has 
occurred in May (3). 

1. Stone, W. D. JM., 38: 419, 1957. 

2. Enders, R. K. HCMZ., 78: 385-502, 1935. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 
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(CINGULATA) 

DASYPODIDAE 

DASYPODINAE 
Euphractus sexcinctus L. 
SIX-BANDED ARMADILLO 


In the London zoo births of i or 2 young at a time have taken place in 
widely scattered months of the year (t). A female with 3 embryos has been 
recorded for July (2), and another in the same month with 2 fetuses near 
birth (3). 

1. Zuckcrinan, S. PZS., 122: 827-950, 1952-3. 

2. Sanborn, C. C. JM., n: 61-68, 1930. 

3. Kuhllujrn, F. Saugclicrk Mitt., 2: 66-72, 1954. 


Euphractus villosus Giebel 
HAIRY ARMADILLO 


In the London zoo births of i or 2 young have taken place from March 
to September (i). The gestation period has been given as 65 days (2). In 
the Argentine this species males in September and the 2 newborn young are 
found at the end of November (3). 

1. Zuckcrnian, S, PZS., 122: 827-950, 1952-3. 

2. Kenneth, J. H. CJcstalion Periods. Etlinburgh, 1943. 

3. Kricg, H. Zcil. f. Morphol. u. Okol. Tiere, 14: 166-190, 1929. 


Priodontes giganteus GeoflFroy 

A single young, occasionally 2, is usual (i). 

I. Kricg, H. Zeit. f. Morphol. u. Okol. Tiere, 14: 166-190, 1929. 
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T olypeutes 


Tolypeutes conurus Geoffrey. A female pregnant with a single fetus near 
parturition was found at the end of November (i). 

T, triemetus L. A well-developed embryo has been reported for July and 
a less-developed one in August (2). 

1. Krieg, H. Zeit. f. Morphol. u. Okol. Ticrc, 14: 166-190, 1929. 

2. Sanborn, C. C. JM., n: 61-68, 1930. 


Dasyptis novemdnetus L. 
NINE-BANDED ARMADILLO 


This armadillo of the southern parts of North America and Central 
America first breeds at about i year. Ovulation is from June to August, not 
at a very precisely defined time (i). Birth is usually in March, a few in 
April (2). One follicle ovulates spontaneously and a single corpus lutciim is 
formed. In ten days this grows until it forms 75 to 90 per cent of the ovary. 
The passage of the ovum through the oviduct takes 7 days. Polyembryony 
is usual; the critical division occurs at the time of implantation, which is 
delayed for about 3 or 4 months. True gestation lasts about 4 months and 
birth is from February to May (i). The ovary is partially surrounded by a 
bursa. The vaginal epithelium consists of columnar mucus-secreting cells. 
At no time in the cycle docs it become cornified. (^). 

The corpus luteum seems to be functional and secretory immediately 
on its formation, according to one account (r). According to another (4), 
the cells appear to be inactive until implantation, when secretory droplets 
appear. However, this account limits the implantation delay to at least 3 
weeks. Serum progesterone increases in amount just before ovulation; it 
continues high afterwards and there is another marked increase after im¬ 
plantation (i). 

Bilateral ovariectomy at the middle of the 3- to 4-month delay in im¬ 
plantation is followed by earlier implantation than usual, about 30 to 34 
days after the operation. If it is done later, implantation follows at the normal 



EDENTATA 


i8r 


time but resorption or abortion follows. In early true gestation removal of 
the corpus luteum has a similar el?ect, but if it is removed after the first 
third of the period gestation continues (5). 

1. Talmage, R. V., and G. D. Buchanan. Rice Inst., Pamphiet 41(2), 1954. 

2. Newman, H. H. Am. Nat., 47: 513-539, 1913. 

3. Hndcrs, A. C, and G. D. Buchanan. Texas Rpts. Biol. Med., 17: 323-401, 1959. 

4. Hamlett, G. W. D. Quart. Rev. Biol., lO; 432-447, 1935. 

5. Buchanan, G. D., A. C. Enders, and R. V. Talmage. JE., 14: 121-128, 1956. 

Dasypus hybridus L. The mulita armadillo is believed, like D, novem- 
cinctus, to have a gestation period that is prolonged by delayed implantation. 
In Argentina implantation occurs about June i, and birth is in October. The 
embryos are free for at least two months, Polyembryony is the rule, as many 
as 12 identical twins being produced from one ovum (r, 2). 

1. Fernandev, M. Morphol. Jahrb., 30: 302-333, 1909. 

2. Hamlett, G. W. D. Quart. Rev. Biol., 10: 432-447, 1935. 
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MANIDAE 

Manis 


AjTANIS crassicandata Gray. The Indian pangolin usually has i young, 
occasionally 2. A medium-sized fetus has been found in Ceylon in 
July (i). In India one was born in November (2). 

M. javanica Desmarest. The single young is born at any season of the 
year (^). 

M. pentadactyla L. This Indian pangolin has its single young, rarely 2, 
from January to March in the Deccan, and in July in the Shevroy Hills (4). 

A/. (Phataginiis) triciispis Rafinesque. This African pangolin has i young 
at a time. An 80-mm. fetus has been reported in January and one of 2So-mm., 
near birth, which occurs at 290-mm., in November (5). 

A/. (Smutsia) gigantea Illiger. This African pangolin has been recorded 
as pregnant with a single fetus in November and December (5). 

A/. (S.) te 7 nminc\i Smuts. This African pangolin bears i young at a 
time (6). 

1. Phillips, W. W. A. Ceylon J. Sci., 13B: 285-289, 1924-6. 

2. Pnikash, I. JM., 41: 386-389, i960. 

3. Banks, E. J. Malay Br. Roy. Asiatic Soc., 9(2): r-139, 1931. 

4. Blanforcl, W. T. The Fauna of British India. Mammals. London 1888-91. 

5. Hatt, R. T. AM., 66: 643-672, 1933-4. 

6. FitzSimons, F. W. The Natural History of South African Alaminals. London, 1919. 



Lagomorpha 


C OITUS-INDUCED ovulation seems to be general in the females of this 
Order. An interesting suggestion is that it leads to superfetation in the 
hares. 


OCHOTONIDAE 

Ochotona princeps Richardson 
PIKA 


The breeding season of this pika is from May to September (i), and two 
litters a year are possible (2). The gestation period lasts for 31 days and is 
followed by a post-partum heat (3). Embryo counts have varied from 2 
to 4, with 5 the most frequent number. 

Two sets of corpora lutca have been found in females taken in June and 
July. The lutein cells measure about 30 m and they have a granular cytoplasm 
until after parturition. The diameter of the mature follicular ovum is 100 to 
120 /X. Ill the follicle the theca interna is poorly developed and interstitial 
cells are absent from the ovary (4). The outside diameter of the tubal ovum 
is 151 /X, and the inside, 140.4 As many as 50 spermatozoa have been 
found in the periviicllinc space (5). 

1. Orr, R. T, Mammals of Lake Tahoe. San Francisco, 1949. 

2. Dice, L. R. JM., 8: 228-231, 1919. 

3. Scvcraicl, J. I I. JM., 31: 35 <^ 357 » i950. 

4. Duke, K. L. AR., 112: 1952. 

5. Anderson, S. Univ. Kansas Mus. Nat. Hist., Publ. 9: 405-414. 1959 * 

Ochotona alpina Pallas. Two or 3 litters arc born in the summer but 
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reproduction is over by the end of July. The litter varies from i to 5, with 3 
the usual number. The young of either sex do not reproduce in the summer 
of their birth (i). 

O. collarts Nelson. In the Yukon this pika has about 4 young, born early 
in the summer (2). There is possibly a second litter, the first in May or 
June and the second in July or August (3). 

O. daurtca Pallas. This Manchurian pika has 2 litters a year (4). 

O. hypoborea Pallas. In Siberia reproduction is finished by the first 19 
days of August. One litter of 2 to 6 young is the rule. Placental scar counts 
give an average of 4.8 young (5). In Japan the species breeds from May to 
June. Three counts give 2 embryos each and one gave 3 (6). 

O. piisilla Pallas. Ihis pika apparently has 2 litters a year and may have 
up to 12 young per litter (7). 

O. roylei Ogilby. A single record gives 4 embryos in a female of this 
Central Asiatic pika (8). 

1. Khmelcvskaya, N. V. Z'/., 40: 1583-1584, if)6r. 

2. Rand, A. L. Canada Nat. Mus., 100, IQ45. 

3. Cowan, I. McT,, and C. J. Giiiguct. British Columbia Provincial Mus., Handbook 
II, 1956. 

4. Loukashkin, A. S. JM., 21: 402-405, 1940. 

5. Kapitonov, V. I. ZZ., 40: 022-<>33, 1961. 

6. Haga, R. JM., 41: 200-2 T 2, i960. 

7. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugeticrc in dcr 
Schutzwaldzone. Berlin, 1956. 

8. Blanford, W. T. The Fauna of British India. Mammals. London, 1888-91. 


LEPORIDAE 

PALEOLAGINAE 
Pronolagus 
ROCK HARE 

Pronolagus crasstcaudatus Gco(Troy. A female has been found with 2 
fetuses in January (i), and i to 2 is the usual litter size (2). 

P. randensis Jameson. A female taken late in June had a single large 
leveret in the uterus (3). 
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1. Roberts, A. In G. C. Shortridge, The Mammals of South West Africa. London, 
1934 - 

2. Haagncr, A. K. South African Mammals. London, 1920. 

3. Jameson, H. L. Ann. Mag. Nat. Hist., 7(20): 404-406, 1907. 


Romerolagus diazi Diaz 
VOLCANO RABBIT 


This Mexican species breeds in early spring, from March to April. Prob¬ 
ably more than 1 litter a year is l)orn (j). The number of young averages 
3, with a range from i to 4, born after a gestation period of about a 
month (2). 

1. Davis, W. H. JM., 25: 370-403, 1944. 

2. Lc(4K)ld, A. S. Wildlife of Mexico. The Game Birds and Mammals. Berkeley, 
Calif., 1959, 


LEPORINAE 
Lepits arcticus Ross 
ARCTIC HARE 


On Southampton Island the Arctic hare breeds probably in March and 
April, perhaps earlier, and the young arc born in late June and July. This 
is based on the finding of males with enlarged testes early in April (i), but 
the interval between breeding and birth is long compared with the 42-day 
gestation common in the genus. Another account gives the time of breeding 
in east Greenland as early May (2). On Baffin Island the young are born 
late in June or early July (3), as on Southampton Island (1). In the Adelaide 
Peninsula, North West Territory, two females with 4 fetuses each were 
found at the end of May (4). The number of young varies from 4 to 8 
(i, 2), and these numbers seem to be common throughout the range. 

1. Sutton, G. M., and W. J. Hamilton, jr. Mem. Carnegie Mus., 12(2): i-iii, 1932. 

2. Howell, A. H. |M., 17: 3 i 5 “ 337 . 1936. 

3. Soper, J. 1 ). Canada Nat. Mus., Bull. 53, 1928. 

4. Maepherson, A. H., and T. H. Manning. Canada Nat. Mus., Bull. 161, 1959. 
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Lepiis amertcanus Erxleben 
SNOWSHOE HARE 


The snowshoe rabbit or hare of North America mates first in March. In 
Manitoba it continues breeding until early June (t), but further south it 
may continue to breed until August (2). It is polyestrous and reaches puberty 
during the second year of life. The litter varies from i to 7> 'vith a mean 
size of 2.8, and a mode at 3 (3), but it may have 8 to 10 young in years of 
plague (i). In northern Alberta the litter size increases as the season 
progresses. Fecundity is highest in the higher latitudes. The average annual 
number of litters is 2.75, with an average embrvo number of 3.8 (4). In 
captivity 4 litters a year are possible and have been produced (5). There is a 
postparturient heat (6). 

The vulva is swollen and red when the female is in hear: the first litter 
is born in April, the maximum number of litters are born in May, and the 
season declines in June and July. The gestation period is 3(8 days. The mating 
season is advanced by at least 30 days if the hares are exposed to jS hours 
of light a day in winter. Masking the eyes prevents this effect, and transfer 
from 18 to 9 hours of light causes the developing gonads to regress (7). 

When the hare is brown in color there is a large amount of gonadotrophic 
hormones in the blood; when it is white the level is low. The injection of 
gonadotrophic hormones into physiologically white animals caused the hair 
to become much darker and provoked a copious shedding of the winter 
hair (7). 

In January the testes are small and abdominal. They increase in size dur¬ 
ing February and descend near the end of the month. They reach their 

maximum weight in March and rapidly decrease from July onwards. In 

September their weight is lowest and they return to the abdomen. The penis 
is pale, almost white, in the nonbreeding season. Just before the breeding 
season it becomes red at the tip, and the color soon spreads to the whole penis. 
This organ is pale throughout the first year of life, and the males do not mate 

until their second year (3). Reduction of the amount of light delays testis 

growth in the spring (7). 

1. Seton, E. T. Life Histories of North American Animals. New York, 1909. 

2. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 
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3. Aldous, C. M. JM., 18: 46-57, 1937. 

4. Rowan, W., and L. B. Keith. Canadian J. ZooL, 34: 273-281, 1956. 

5. Severaid, J. H. JWM., 9: 290-295, 1945, 

6. Severaid, J. H. The Snowshoc Hare, Its Life History and Artificial Propagation. 
Augusta, Maine, 1942. 

7. Lyman, C. P. HCMZ., 93: 393-461, 1943. 


Lepus californicus Gray 
JACK RABBIT 


The California jack rabbit has several litters a year. It breeds the year-round 
but tends to cease in December and January. The females breed at about a 
year old and may have as many as 5 or 6 litters a year, though the usual 
number is 4. In captivity the litter size averaged 1.8 young (i). In the wild 
an average of 2.6 fetuses was found. Eight per cent of all embryos were re¬ 
absorbing and 8 per cent of litters were being entirely reabsorbed. There was 
some reabsorption in 15 per cent of all litters. A comparison of corpus lutcum 
counts and healthy embryos gave a 16 per cent loss (2). The age of the doe 
has no perceptible effect upon litter size but the number does tend to increase 
in the latter part of the season (f). In another study the litter size in the wild 
was 2.2 ±: .1 (3). Another account gives a loss of 13 per cent of the ova shed. 
Of this, 6.7 per cent was preimplantation loss and 6.2 per cent, postimplanta* 
tion. In this sample there were few entirely lost litters. The average number 
of young a doe produced in a year was 9.8. The duration of gestation was 41 
to 47 days, with a mean of 43 days. There is a post-parturn heat (4). 

The ripe follicle measures 1.5 to 2.0 mm., and the corpus luteum, 1.2 mm. 
It is pink in color when it is functional. Blood follicles are rare but 7 per cent 
of follicles do not ovulate; nevertheless, they form corpora lutea. Ovulation 
is probably coitus-induced. Transabdominal migration of ova was ob¬ 
served (4). 

The vaginal epithelium and smears do not exhibit cyclical changes, and 
leucocytes are always present. The vulva is very variable but the changes are 
not related to the cycle. After parturition the uterus returns to the resting 
state very rapidly. Those that have been pregnant show longitudinal stria- 
tions. Pseudopregnancy exists but it is not always followed by lactation (4). 

Male puberty is reached at 1,900 g. weight, or at 5 to 7 months, but 
spermatozoa are not abundant until the bucks weigh 2,100 g. Males that 
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reach these weights in the nonbreeding season may be delayed in attaining 
puberty. There is a definite, but slight, testis cycle which begins late in No¬ 
vember. A peak is reached in January and some retrogression sets in during 
June; spermatozoa may be retained in the epididymis although many rabbits 
have regressed seminal vesicles and bulbo-urethral glands (4). The mean 
weight of both testes in adults is from 10 to 15 g. The number of spermatozoa 
in the testes lessens from July or August and few are present in December, 
but this varies from year to year. Sperm counts in the epididymis follow the 
same trend (2). 

1. Haskell, H. S., and H. G. Reynolds. IM., 28; 129-136, 1947. 

2. Bronson, E". H., and O. W. Ticmeier. JWM., 22; 40(9-414, 1958. 

3 . Vorhics, C. T., and W. P. Taylor. Arizona Agr. Exp. Sta., Tech. Bull. 49 , I933- 

4. Lcchlcitcr, R. R. }M., 40: 63-81, 1959. 


Lcpiis curopaeiis Pallas 
COMMON HARE 


On the Ciscaucasian steppes the breeding season of this hare lasts from 
midwinter until the middle of summer (i), but, although they are capable 
of breeding at 8 months, few of those born in March have young in the 
same year (2). Drought causes the cessation of breeding in this region (i). 
In England breeding begins in November or December, is at a maximum in 
March, and virtually ceases in July, but litters have been found at all times 
of the year (3). In southern Ontario, where the hare was introduced in 
TQT2, breeding begins in January, reaches a peak from the second week of 
February to the third week of June, and declines in August. At the peak 
season all the females are pregnant (4). Introduced into New Zealand, the 
species breeds from July to December, or from early spring to midsummer 
(5). The average embryo number and litter size on the steppes in relation 
to the season are given as follows (i): 



Embryos 

Litter size 

Winter 

17 

1-5 

Spring 

3-5 

3-3 

Summer 

37 

31 

Autumn 

3.0 

2.0 


In Ontario early litters averaged 1.6 (January to March), and late ones, 3.8 
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(April to June) (4). In New Zealand the litter size varies from 1 to 5, with 2 
as the mode (5), and that appears to be the modal number in Central 
Europe (6). 

Ovulation is coitus-provoked; this may happen during pregnancy so that 
superfetation is a common phenomenon (7). Gestation lasts for 42 days (6), 
though it may be as short as 35 days (8), and the embryos all develop in 
one horn of the uterus (7). 

1. Kolosov, A. M. ZZ., 20: 154-172, 1941. 

2. Ricck, W. Zeit. Jagdwiss., 2: 49-90, 1956. 

3. Barrctt-Hamilton, G. E. H. A History of British Mammals. London, 1910. 

4. Reynolds, J. K., and R. H. Stinson. Canadian J. Zool., 37: 627-631, 1959. 

5. Wodzicki, K. A. New Zealand DSIR Bull. 98, 1950. 

6. Hcdigcr, H. Physiol. Comp. Oecol., r: 46-62, 1948. 

7. Stieve, H. Zool. Anz., 148: 101-114, 1952. 

8. Strauss, F. RSZ., 65: 434-441, 1958. 


Lepus saxatilis Cuvier 
MOUNTAIN HARE 


This South African hare breeds from October to April (i). It is poly- 
cstrous and has 2 to 5 young to a litter (2), but 2 seems to he the usual 
number. However, there are records of fetuses in May (3) and June (4). 
The gestation period is about a month (5). 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. FitzSimons, F. W. The Natural History of South African Mammals. London, 
1919. 

3. Bradfield, R. D. Field Notes on S. W. African Mammals, nd. 

4. Lancaster, D. G. In letter to G. C. Shortridge (1). 

5. Wilhelm, J. H. S. W. Africa Sci. Soc., 6: 51-74, 1933 - 


Lepus tiinidus L. 
VARYING HARE 


This hare mates first in early February and has about 2 litters a year, 
in spring and summer (i). The spring litters consist o£ from i to 5 young 
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and the average is 2.15. Summer litters are larger, with up to 8 young and 
averaging 3.24 young (2). The gestation period is about 42 days, but mating 
and ovulation can occur from the thirty-ninth day on (3). In the male 
spermatogenesis is found from February into May (4). 


1. Heptner, W. G., L. G. Morosowa-Turovva, and W. I. Zalkin. Die Saugetierc in dcr 
Schutzwaldzone. Berlin, 1956. 

2. Hdglund, —, V^illrevy (Stockholm), i: 267-282, 1957. 

3. Hedigcr, H. Wild Animals in Captivity. London, 1950. 

4. Naumov, S. P. Trans. Cent. Lab. Biol. Game. Anim., 6: 4-44, 1944 - 

Lepus alleni Mearns. In the southwestern part of North America this 
hare breeds all the year, hut to a lesser extent in summer and winter. Probably 
4 litters a year are produced. The litter size averages 1.94 ±: .09. One or 2 
is the usual litter size, but it ranges to 5 (1). 

L. capensis L. This hare is polyestrous and breeds in late winter or early 
spring (2). It has 3 or 4 litters a year. The first averages 1.8 young; the sec¬ 
ond, 4.2; and the third, 4.3 (3). 

L. mexicanus Lichtenstein. No adult females were pregnant in June or 
December, but one was lactating in June (4). 

L. nigricollis Cuvier. The black-naped hare of southern Asia breeds all 
year and has usually 2 young to a litter. The gestation period is about i 
month and the females first breed at 6 months (5). 

L. totvnsendi Bachman. This jack rabbit of North America mates in 
April; the young, 3 to 6, but usually 4, are born from May (7) to early 
July (6). 

L. {Poelagus) marjorita St. Leger. There is a record of this African grass 
hare with a single large embryo in August (8). 

1. Vorhies C, T., and W. P, Taylor. Arizona Agr. Exp. Sta., Tech. Bull. 49, 1933. 

2. Haagner, A. K. South African Mammals. London, 1920. 

3. Pere\alov, A. A. ZZ., 35: 141-T54, 1956. 

4. Davis, W. B., and P. W. Lukens, }r. JM., 39: 347-367, 1958. 

5. Phillips, W. W. A. Ceylon J. Sci., T4B: 209-293, 1927-8. 

6. Seton, E. T. Life Histories of Northern Animals. New York, 1909. 

7. Bailey, V. NAF., 53: 1931. 

8. Hatt, R. T. AM., 76; 457-604, 1939-40. 
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Sylvilagus aquaticus Bachman 
SWAMP RABBIT 


In Texas this species breeds from January to August, and perhaps a little 
later. There is a sudden increase in breeding intensity in mid-January which 
reaches a peak from February to March (i). In Georgia breeding is from 
March to September (2). In Missouri the females undergo an ancstrous 
period from November to the end of January. Conceptions probably begin 
about February 4, as lactating females were first found on March 16. How¬ 
ever, some males with spermatozoa may be found in any month (3). 

The Texas report gives i to 5 as the range of embryos, with an average of 
2.8 and a mode of 2 and 3(1). Another report gives i to 4, with 2.6 average 
(2). The Missouri series gives a range of 2 to 6 for corpus-lutetim counts, 
the average being 3.7. For a more limited series of embryo counts the average 
was 2.8 and for placental scars, 3.4 (3). A sample taken in Mississippi from 
March 9 to April 4 gave the corpus-luteum count as from 3 to 6, average, 3.7. 
There was no total resorption of litters in norma! times but after severe 
floods 12 of 18 females were found thus and the tendency remained high for 
the later pregnancies that spring. Two to 4 per cent of ova are lost before im¬ 
plantation (4). 

An observed gestation period lasted for 39-40 days (i). 

r. Hunt, T. P. JM., 40; 82-91, 1959. 

2. Lowe, C L. JM., 39: 116-127, 1958. 

3. Toll, J. II., T. S. Haskett, and C. H. Conaway. AMN., 63: 398-412, i960. 

4. Conaway, C. 11 ., T. S. Haskett, and }. E. Toll. }\VM., 24: 197-202, i960. 


Sylvilagus aiuhibonii Baird 

In Arizona this rabbit does not breed from September to December; the 
testis weight increases in December and decreases in September. The average 
litter size is 2.9 with a mode of 3 and range, 2-4. Embryonic resorption seems 
to be rare (1). The young are able to breed in the year of their birth (t). In 
Death Valley breeding probably ceases at the same time as in Arizona (2). 
In Mexico breeding begins earlier, as embryos have been found in December 
(3). The gestation period is 28 to 30 days (4). 
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1. Sowls, L. K. JM., 38: 234-243, 1957. 

2. Grinnell, J. Proc. California Acad. Sci., Ser. 4, 23: 115-169, 1935-47. 

3. Baker, R. H. Univ. Kansas Mus. Nat. Hist., Publ. 9: 125-335, 1956. 

4. Dice, L. R. JM., 10: 225-229, 1929. 


Sylvilagtis bachmani Waterhouse 
BRUSH RABBIT 


This rabbit of western North America breeds from December to the 
end of June. There is probably a post-partum heat. The average number of 
embryos is 4, and the range 3 to 6. In counts 55 corpora lutea and 53 embryos 
were found, but 5 of the latter, possibly 8, were being resorbed. The gestation 
period is probably 27 ±: 3 days. The ovary contains many interstitial cells (i). 

The males are in breeding condition from November to June and possibly 
into July. Their greatest activity is from January to April and possibly 
into May. Spermatozoa are found in December, but by late June few may be 
found in the testes though they are still present in the epididymis. The testis 
weight rises from its low mean of 1.4 g. in October to its high of 5.6 g. in 
February (i). 


I. Mossman, A. S. JWM., 19: 177-184, 1955. 


Sylvilagtis brazil ten sis L. 


This rabbit probably breeds all the year. Young have been observed from 
September to April in Central America (i). In the Matto Grosso pregnant 
females and suckling young have been reported from May to July (2). Four 
counts of 4 embryos each are on record (3). 

1. Goodwin, G. G. AM., 87: 271-474, 1946. 

2. Kiihlhorn, F. Saugetierk. Mitt., 2: 66-72, 1954. 

3. Enders, R. K. Personal communication, 1945. 
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Sylvilagus floridanus Allen 
EASTERN COTTONTAIL RABBIT 

This rabbit, which lives in North America east of the Rocky Mountains, 
is polyestrous and breeds from mid-January into August, though the season 
may be curtailed for a month at either end in the northern part of its range. 
The young reach puberty at 40 weeks, and in the breeding season several 
litters are produced (i). The average litter size is 4.5 (2); or 5.0 zb .2, with 
a range from 2 to 7, and a mode of 4 to 5 (3). Embryo counts have yielded 
the following figures: 4.7 :.b .2 (4), 4.8 dz .2 (5), and 5.6 zb .2 (6). The last 
of these included embryo counts, placental scars, and nest young in one 
combined figure. Lactation docs not increase the rate of fetal resorption (6). 
In another count of 175 females the average litter size was 5.56 zb .9. There 
was 5 to 8 per cent resorption, but whole litters were not affected (7). If 
the does do not conceive at the beginning of the season they wait for 
15 or 16 days before becoming pregnant. This suggests a pseudopregnancy 
interval. Ovulation rates in this sample were about 4.0 to 4.26, depending on 
the year. There \vas a preimplantation loss of o.i to 0.33 ova per litter (8). 
The gestation period has been observed as 26.5 days (9), but is usually given 
as 30 days (i). 

The testes enlarge late in December and soon descend. They remain in 
the scrotum until September, at which time they still contain spermatozoa 
(i). Motile spermatozoa are present in the testes by mid-January but there 
is no heavy accumulation in the epididymides until late in February. The 
numbers are maintained until well into August. Young males of the previous 
year reach breeding condition later than older ones (6). It is exceptional 
for males to be capable of breeding in the year of their birth, though oc¬ 
casional instances have been found (10). The weight of a single mature testis 
was 9.6 g., and in this instance the seminiferous tubules measured 339 meters 
in length (n). 

The female prostate is large and its content increases considerably in the 
breeding season (12). The level of gonadotrophic hormones in the pituitary 
of the male is at a minimum from October to January and at a maximum in 
March, when it is 600 per cent of the minimal level. There is a rapid decrease 
in early fall. The percentage of basophils rises from 4.4 to 13.8 during the 
transition from the nonbreeding to the breeding state. The weights of the 
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testes, seminal vesicles, and prostate undergo corresponding changes. In the 
female there are no significant seasonal changes in the gonadotrophe level 
or in basophil numbers (13). 

1. Trippensee, R. E. Proc. North Am. Wildlife. Conf., 1936. 

2. Hamilton, Jr., W. J. JM., 21: 8-11, 1940. 

3. Bcule, J. D., and A. T. Studholme. Pennsylvania Game News, 13: 6-7, 28-29, 1942. 

4. Llewellyn, L. M., and C. O. Handley. JM., 26: 37^390, 1945. 

5. ShefTcr, D. E. JWM., 21: 90, 1957. 

6. Ecke, D. H. AMN., 53: 294-311, 1955. 

7. Lord, R. D. JWM., 25: 28-33, 1961. 

8. Conaway, C. H., and H. M. Wight. JWM., 26: 278-298, 1962. 

9. Hendrickson, G. O. JM., 24: 273, 1943. 

10. Cooley, M. E. JM., 27: 273-274, 1946. 

11. Knepp, T. H. Zoologica, 24; 329-332, 1939. 

12. Elchlcpp, J. G. AR., 99; 656, 1947. 

13. Elder, W. H., and J. C. Finerty. AR., 85: 1-16, 1943. 

Sylvilagus cunicularis Waterhouse. A record for the highland rabbit gave 
5 embryos in June, Young were observed in the same month and a lactating 
female in August (i). A male with enlarged testes was found in June (2). 

S. niittalln Bachman. This western cottontail has up to 6 young, born from 
April to July (3). The gestation period is 28 to 30 days (4). 

S. palustris Bachman. The marsh cottontail probably breeds all the year 
and has litters of 3 to 5 young (5). Another account suggests that the breed¬ 
ing season is limited to the period from March to the end of August (6). 

S. transitionalis Bangs. This New England cottontail has a limited breed¬ 
ing season beginning in mid-April. It has 3 to 4 litters a year. When some of 
these rabbits were treated nightly with artificial light, beginning in Decem¬ 
ber, increased sexual activity was observed in January, 23 days later (7). 

1. Davis, W. B. JM., 25: 370-403, 1944. 

2. Davis, W. B., and P. W. Lukens, Jr. JM., 39: 347-367, 1958. 

3. Bailey, V. NAF., 55, 1936. 

4. Cowan, I. McT., and C. J. Guiguct. British Columbia Provincial Mus., Handbook 
IT, 1956. 

5. Tompkins, I. R. JM., 16: 201-205, 1935. 

6. IMair, W. F. JM., 17: 197-207, 1936. 

7. Bissonnette, T. H., and A. G. Cscch. Biol. Bull., 77: 364-367, 1939. 
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Oryctolagiis cuniculus L. 
DOMESTIC RABBIT 


The rabbit will breed more or less at any time of the year but there are 
no cycles in the strict sense of the word. Suggestions of cycle lengths have 
been conflicting, in one 4 to 6 days (1), and in another 7 days or multiples 
thereof (2). These suggestions were based on behavior. Vaginal cycles, dealt 
with later in this article, usually suggest a 14-day cycle and are evidently 
based upon the pseudopregnant period, which may also affect conclusions 
drawn from behavior. The female ovulates only after coitus or under strong 
sexual excitement. The usual interval between stimulation and ovulation is 10 
hours, and during the first hour of this period sufficient F.S.H. is released 
from the pituitary to cause the preovulatory ripening of the graafian follicles. 
Follicles reach the estrous stage in waves, and the female may remain in heat 
for a month or more at a time in the absence of the male. If coitus does not 
result in pregnancy, which lasts for 30 to 32 days, corpora lutea are formed 
which last for about 16 days. At the end of this time the doc makes a nest 
by plucking fur from her breast, and her mammary glands arc in condition 
for lactation, just as if she were pregnant. This condition is called pseudo- 
pregnancy. During the lutein phase glandular development in the uterine 
mucosa is very great, so that a transverse section appears like open lace- 
work. The vaginal smear is not a reliable indication of the reproductive 
state. 


REPRODUCTION IN GENERAL 

The age of puberty in rabbits is affected by breed differences, but there 
is very little information on this point. It is also affected by the time of birth. 
Does born in the fall reach puberty (fertility) in about 5^2 months, but 
those born in the spring require about 8I/2 months. They tend to copulate 
I to 2 months before they are capable of ovulation. In England, does kept 
in unheated rooms often experience anestrum from October to March, but 
the tendency is not absolute. The optimum season for reproduction is from 
May to July (3). In the United States it has been the writer's experience that 
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July to September, when the temperature is high, are the poorest months. 
As does pass into the anestrous condition, copulation may occur but graafian 
follicles do not reach the state at which they are capable of rupturing (3). 
During the breeding season, in the absence of the male, the doe remains in 
heat almost indefinitely, and during this time waves of follicles mature, last 
for about 7 to 10 days, and then become atretic (4). If does are kept in 
continuous light or in total darkness, this rhythm of growth is not affected 
except that more large follicles are present in the does kept in the light (5). 
Atresia may be due to degeneration and phagocytosis of the granulosa, with 
fibrotic ingrowth of the theca interna, or to extravasation of blood and the 
formation of blood follicles (6). If coitus is permitted, the mature follicles 
begin to grow by copious secretion of liquor folliculi, and rupture occurs 
about 10 hours afterward (7). 

The stimulus for this growth is apparently emotional since intense excite¬ 
ment, such as the act of mounting or being mounted by another doc, evokes 
it and since local anesthesia of the vagina and vulva just before coitus does 
not prevent its occurrence (8). It is due to the release of a gonadotrophic hor¬ 
mone from the anterior pituitary since removal of that organ within an 
hour post coitum prevents ovulation. If the operation is performed after that 
time, ovulation occurs as usual and corpora lutea are formed. Evidently the 
pituitary releases sufficient hormone in a little more than an hour after 
coitus (9, 10). The pituitary may also be caused to release the stimulating hor¬ 
mones by electrical stimulation of the head or of the lumbar region of the 
cord, but the action is somewhat slower (11); by the intravenous injection 
of 0.9 to T.T mg. of picrotoxin (a hypothalamic stimulant) per kg. of body 
weight (12); and by salts of copper and cadmium (13). This stimulus is 
necessary for the formation of corpora lutea since rupture of mature follicles 
by pricking is ineffective (14, 15). The suggestion has crept into the litera¬ 
ture that ovulation may be provoked by mechanical stimulation of the cervix, 
as in the cat, but this is incorrect. 

The developing follicle takes about 18 days to mature. In the nonbred 
rabbit this development is followed by a phase of atrophy lasting for 9^2 
days (16). 

The ovaries produce corpora lutea with approximately equal frequency; 
a series of records gave 51.4 per cent of corpora lutea in the left ovary (3). 

The fact that ovulation usually occurs only after coitus enabled the pioneer 
worker to differentiate clearly between the estrogen and lutein phases of 
the cycle. Pseudopregnancy, the condition when sterile coitus, the injection of 
gonadotrophes, or the use of one of the methods described above, has caused 
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ovulation and corpus luteum development, lasts normally for 16 to 17 days 
( 3 » ^7)* pseudopregnancy in the doe whose uteri have been removed 
lasts from 24 to 29 days (18). The corpora lutca of the cycle in the guinea 
pig similarly treated remain for a much longer period, but those of the rat 
are not prolonged. It is an open question whether removal of the uterus re¬ 
moves an impulse which normally brings an end to the life of the corpus 
luteum (in contrast to the action during pregnancy), or whether this organ 
uses a substance needed by the corpus luteum. More work is needed on the 
problem. 

The doe rabbit matures follicles and is ready to ovulate immediately after 
the end of pregnancy or of pseudopregnancy (3). 

In order to test the length of life of the ovum by artificial insemination at 
dilTerent times, it is necessary to arrange that eggs shall be shed. Thus, in such 
an experiment, sterile coitus with a vasectomizcd buck is allowed with the 
knowledge that ovulation will occur about 10 hours later. This is a great ad¬ 
vantage in work of this nature, and also in obtaining dated material for em- 
bryological work. The time of ovulation in the rabbit can be obtained with 
greater accuracy than is possible in any other species. It has been found that, 
after allowing for the time taken by the spermatozoa to reach the top of the 
oviduct, the eggs have a fertile life of not more than 6 hours after ovulation. 
They are capable of being fertilized only while they are in, or as they leave, 
the plug of extruded liquor folliculi at the top of the oviduct. As they move 
down the tube and acquire a layer of albumin, they can no longer be fer¬ 
tilized. The percentage of successful inseminations and the litter size decrease 
at a constant rate with inseminations from 5 hours before to 2 hours after ovu¬ 
lation (19). The ova retain their capacity for fertilization for a maximum of 
S hours after they are shed from the ovary but the chance of fertilization 
is sharply reduced after 4 hours (20). Ova just liberated from the follicles are 
surrounded by cumulus cells of the stratum granulosa. If spermatozoa are 
[)rcsent, these cells are dispersed by the first ones to penetrate into the mass. 
This happens normally within i to 1V2 hours after ovulation. If spermatozoa 
are not present, it takes about 17 hours for the separation to occur. The pas¬ 
sage through the oviduct takes about 62 to 82 hours (21). 

The litter size of rabbits varies with the strain or breed. Thus, a fecund 
inbred strain has given a mean litter size of 8.1 it .2, with a mode of 9, a 
range of i to 13, and a standard deviation of 2.7; but a strain of small (Polish) 
rabbits gave as mean 4*^^ it .1, mode 4? range 1 to 7? 3rid standard deviation, 
1.54. About 20 per cent of the eggs shed fail to develop to term. This is partly 
due to loss of ova and partly to fetal atrophy (19)* The latter is caused in 
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large measure by inherited factors acting through the mother (22). The 
mean litter size rises until the doe is at least 3 years old (23). Experimentally 
it is reduced if artificial insemination is performed 24 or more hours be¬ 
fore (24), or fewer than 5 hours before, ovulation. In the first case too few 
spermatozoa survive, and in the second case too few eggs (19). The sex ratio 
is 53.1 per cent males (25). 

The duration of gestation is usually 30 to 32 days. An extensive series gave 
31.08 dz .02 days, standard deviation, 0.83 days; and mode, 31 days (26). It 
is affected by breed: Polish rabbits had a mean gestation of 30.4 days and 
an inbred albino strain, 32.9 days. It does not vary with the season or the 
age of the mother (27) but tends to be higher within the breed when small 
litters are carried (28). The same is true if the smaller litter is experimentally 
produced (29). In French lop-eared rabbits the gestation period has averaged 
33.4 days and the litter size, 7.7. In the Vienna white the corresponding fig¬ 
ures were 33.5 days and 6.6 young (30). 

In a doe which is allowed to become pregnant immediately after parturi¬ 
tion and which is suckling a large litter, above 3 to 4, implantation is not 
delayed but the embryos die in the blastocyst stage. If smaller litters are 
suckled, the pregnancy continues and lasts the usual time. A suckling doe 
goes out of heat in about a week because of follicular atresia and the loss of 
about half the normal weight of the ovaries. The uteri also atrophy and al¬ 
most resemble the state found in an ovariectomized doe. New follicles mature 
rapidly after weaning (3). 


THE WILD RABBIT 

In west Wales the main breeding season lasts from January to June; there 
is less breeding in other months and very little in November, Embryo cotints 
were lowest in January and highest in late May to early June, with an overall 
average of 4.36. A few more fetuses were found in the left uterus than m the 
right. For fetuses over 20 days old there was a very slight prepc;nderance of 
females (31). It is believed that 0.23 per cent of the follicles that ovulate pro¬ 
duce 2 ova and 2 embryos, and also that transperitoneal migration of ova oc¬ 
curs in 0.37 per cent. The diameter of the corpus luteum towards the end of 

pregnancy was 2.5 to 3.0 mm. By one day after parturition it had shrunk to 
1.4 mm. (32). 

The preimplantation loss of ova amounted to 9.5 per cent. It was least 
at the height of the season and when the number of corpora lutca was as 
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high as 5 or 6 (33). A type of embryonic mortality frequently encountered 
was that in which all the embryos had died and were being resorbed. In these 
instances the young were usually ii to 15 days old when they died. The 
amount of mortality declined steeply with increasing maternal weight. 
Of all litters, 41 per cent suffered some loss and at least ii per cent of ova 
may be accounted for in this way. The proportion lost was highest in actively 
lactating does (34). 

In Australia the rabbit is reproductively quiescent in midsummer; most 
of the breeding is in the spring and autumn. A few litters are produced in 
winter. The mean corpus-luteum count was 4.37, and the amount of fetal 
atrophy, 13 per cent, but the many litters entirely lost were not counted 
in this figure (35). 

In the Hawkcs Bay region of New Zealand the breeding season starts in 
June and the pregnancy rate is high until November. Young of the year may 
extend this season by a further 8 or 10 weeks. Puberty is reached in the 
male at 9 months, and in the female at 5 months. The testes are smallest in 
January and largest in September. Then they decrease rapidly until they 
weigh less than half of their maximum, which is about 4 g. The males weigh 
1.1 kg. at puberty. The mean number of ova shed is 5.83, with a mode of 5 
and a range from 3 to 11 (S.D. — 1.76). The number varies with the age 
of the doe, ranging from 5.0 in young ones to 6.2 in old ones. In surviving 
litters 15 per cent of ova were lost, and 18 per cent of litters were lost entirely 
in the second week of gestation. The mean number of young per litter was 
5.0, and the number of young per adult in a season was 26 to 26 in their 
first year and 18 to 21 in their second (36). 


HISTOLOGY OF THE FEMALE TRACT 

OVARY, Soon after birth the nests of cells which include the germ cells 
tend to atrophy. They are largely replaced by the production of epithelial 
invaginations, which begin at about 35 days of age, arc at their maximum 
from 51 to 60 days, and then fall off (37). It is said by some that there are 
further waves of ovogenesis at 8 and 14 months and that at these times the 
amount of interstitial tissue diminishes (38), but these waves are probably 
not so intense as the earlier ones, since others have found little neogenesis 
of ova in mature rabbits. According to the latter workers, atresia of oocytes 
is small, only 10 per cent at any time, although in larger follicles it amounts 
to 60 per cent (39). 
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As ovulation can be so easily timed, it has been observed and photographed 
on numerous occasions. The diameter of the mature follicle at coitus is about 
1.5 mm. It is relatively flat and has a bluish tinge. Most growth occurs be¬ 
tween 3 and 6 hours after coitus, and the follicle protrudes slightly from the 
surface of the ovary. At 9 hours the vascularity of the theca increases, and 
there is some slight hypertrophy of the epithelial cells of the theca interna. 
The first sign of approaching ovulation is the gradual formation of the mac¬ 
ula pellucida, a small clear area projecting from the follicle and surrounded 
by a network of capillaries. As the macula increases in height the blood vessels 
rupture, and a small blood clot forms below the ultimate point of opening. 
At this time the follicle is about i.S mm. in diameter. Rupture and extrusion 
of liquor folliculi and the ovum through a small o[)ening at the apex take 
about 7 seconds. The liquor folliculi does not flow much but forms a small 
cone. The greater part of it remains in the cavity, which docs iK)t collapse 
to any great extent. Later, the floor of the follicle approaches the surface so 
that the corpus luteum, with the point, which becomes luteinized, projects 
from the surface of the ovary more than the follicle from which it was 
derived (15, 40). 

In the ruptured follicle the granulosa cells are nearly all retained, but 
there is rarely any blood clot except near the point of rupture. Hypertrophy 
of these cells and ingrowth of the theca interna begin immediately. By 
hours the ingrowth of connective tissue in the form of spindle-shaped theca 
cells is marked, and by the fourth day the central cavity, filled with liquor 
folliculi, has been almost entirely obliterated. Bv S days the lutein cells 
reach their full development, and arc about eight times their former diameter. 
The corpora lutea of pregnancy persist throughout gestation and arc re 
absorbed gradually after its termination, but somewhat more rapidly if the 
doe is lactating. Those of pseudopregnancy begin to degenerate at iS days, 
A visible sign of degeneration is an abrupt change from a pinkish vascular 
state to a chalky yellow avascular one (^,41). 

The size of the ovum is 123.0 ±: 1.9 fx without, or iSS.6rb2.o g with 
the zona pellucida (42), a comparatively large size for mammals. There is 
one polyovular follicle to 200 monovular ones (43). Alkaline phosphatase 
is found in the granulosa but not in the theca interna (44). This is unusual 
and may be related to the coitus-provoked ovulation found in this species. 

V AGIN A, The vulva of the rabbit in heat is usually purple to reddish pink 
and somewhat swollen. This is a good, but not infallible, sign of heat since 
at other times it is pale. The vaginal epithelium is more or less stratified, 
with many mucous cells, especially near the cervices, and it does not undergo 




LAGOMORPHA 


201 


characteristic changes with heat. Similarly, smears are not reliable as indica¬ 
tions of the reproductive state (45, 46), a fact which is common in those 
species in which mucous cells are frequent. Cornified cells are most abundant 
at 4- to 6-day intervals. There are no changes in leucocyte numbers. Blood 
estrogens were higher when the number of cornified cells rose (47). Examina¬ 
tion of vaginal smears gave a 14.8-day cycle (48), a length that suggests 
pseudopregnancy. 

UTERUS, The cervices are not plugged at any time by a seal of mucus. 
The endometrium is very vascular during the follicular phase, but the glands 
are not much developed. In the lutein, or progestational, phase the glands 
undergo marked development. The lumens are much expanded, with the 
result that the appearance resembles that of open lace. During the stage of 
involution, when the corpora lutea are retrogressing, extensive extravasation 
of bl(X)d has been described (4()). The uterus is ciliated in a zone extending 
from 1.5 cm. from the os uteri anteriorly. In the region of the cervix ciliation 
is abundant, but this type of epithelium is scanty elsewhere until the tubo- 
uterine junction is reached. Ciliated cells do not vary in number with the 
physiological state of the animal (50). The uterine epithelium is said to 
become a syncytium during the life of the corpus luteum (51). 

The oviduct is ciliated, the tubo-uterine junction has four primary folds 
which project into the uterus, and the muscle forms a slight sphincter. These 
folds are devoid of glands. According to one account it is difficult to force 
fluid from the uterus into the oviduct (52), but another worker found it fairly 
easy (50). Possibly the stage of the “cycle” influences the ease of passage; 
further work is needed to decide the question. 


PHYSIOLOGY OF THE FEMALE TRACT 

The corpora lutea arc essential for the maintenance of pregnancy. Early 
removal by ovariectomy causes reabsorption of the embryos; later, abortion 
is the rule (3, 53). It is easy to shell out the corpora lutea, and the question 
arises. How many are needed to maintain pregnancy, and what is their out¬ 
put of progesterone? The first question has not yet been answered directly. 
A summary of available information suggests that one corpus luteum is 
necessary to bring about progestational proliferation (the lacclike condition 
of the glands in the uterus), and, as 0.2 mg. daily of progesterone produces 
the same effect in the ovariectomized rabbit, this must be approximately the 
daily ouput of a corpus luteum (54)- It has been shown that to prolong 
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the proliferation for longer than 5 days, more than two corpora lutea are 
necessary, and to sensitize the uterus sufficiently to produce deciduomata, at 
least four are necessary (55). As 0.5 to i.o mg. of progesterone are needed 
to maintain pregnancy, these figures tally very well (54), though it must be 
remembered that smaller litters with fewer corpora lutea are successfully 
brought to term in the normal female. Other estimates of the amount of 
progesterone required for implantation have varied. One gave 1.25 mg. per 
day (56), another, 2.0 mg. (57), and another, 6 to 19 mg. (58). Yet another 
account gave i.o mg. daily for implantation and 3 to 5 mg. daily to maintain 
pregnancy, depending on the number of embryos (59). 

Relaxin can be detected in the blood serum as early as 3 days after coitus. 
It increases rapidly from the twelfth to the twenty-fourth day, when it re¬ 
mains constant for the remainder of pregnancy. It declines rapidly at 
parturition and has practically disappeared within 3 days. At its maximum, 
I G.P. unit is present in o.i cc. of serum. It can also be detected in increasing 
amounts in the urine throughout gestation (ho). 

The uterine muscle gives strong, but irregular, contractions when the doc 
is in heat. At 22 hours after ovulation these contractions change rather 
abruptly to small irregular ones, and, instead of being sensitive to pituitrin, 
the muscle becomes insensitive (61). Removal of the corpora lutea quickly 
restores the sensitivity (62). 

The pituitaries of lo-day-old rabbits contain no gonadotrophic hormone, 
but at 15 to 21 days follicle-stimulating hormone can be detected. At 28 
days luteinizer also is present (63). In view of the fact that coitus causes the 
release of hormones from the pituitary and the ripening of follicles, the 
content of gonadotrophic hormone before and after coitus has attracted much 
attention. Before coitus the rabbit’s pituitary contains about 30 ovulating 
units per gland. Half an hour after coitus this has dropped 80 per cent, and, 
in another trial, after 24 hours it has risen from 1.5 to 5 units (64, 65). The 
ovulating unit used here is the amount required to ovulate a rabbit per kg. 
body weight. Some authors have used this term for the amount required to 
cause ovulation in a rabbit weighing about 3 kg. After ovulation the content 
rises rapidly during pseudopregnancy, reaching a maximum of 60 units at 10 
days and falling to 15 at the end. The curve during pregnancy is similar, but 
the peak is reached at 16 days, and the minimum at 25 days (64). The maxi¬ 
mum during pseudopregnancy varies with the season; it is low in fall and 
winter and high in the spring (65). After mating there is a general reduction 
of the level of hormones in the pituitary, F.S.H., L.H., thyrotrophic, and 
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adrenotrophic (66), but lactogenic hormone docs not change (67). Occasion¬ 
ally a pseudopregnant rabbit will copulate. When this occurs ovulation does 
not follow and the pituitary does not lose gonadotrophic hormone (68). The 
number of granulated acidophils and basophils in the pituitary is greatest dur¬ 
ing heat. It falls rapidly after coitus, the basophilic dcgranulation being great¬ 
est, and then rises parallel with the gonadotrophic hormone content (69). 
Removal of the gonads increases the potency of the pituitary, and the effect is 
more marked in the female than in the male. The potency in the female in¬ 
creases 100 per cent in 3 months, and it is accompanied by a strikingly in¬ 
creased basophilia (70). However, another investigation did not record such 
a great increase in potency (71). 

The estroiis rabbit excretes about 5 R.U. of estrogen per liter of urine. 
Excretion rises to a maximum of 25 R.U. at ii to 15 days during pseudo- 
pregnancy. In pregnancy the level at this time is 100 R.U. and a maximum 
of 180 R.U. is reached at 16 to 20 days, after which the amount declines 
rapidly to 10 R.U, at term (72). 

Free progesterone appeared in the peripheral blood 100 minutes after 
mating; then its level fluctuated widely and with very little regularity for 
a day and a half, after which it remained unchanged for a week (73). 
Progesterone and its metabolites are present in the ovarian vein of the 
rabbit during heat and their levels rise after ovulation (74). In mid-pregnancy 
the ovarian-vein progesterone level was 2.36 fx/ml.; then there was a gradual 
decline to 0.41 j^t/ml. by 2 days before parturition. The levels in the peripheral 
blood followed the same trend (75). 

The prolactin content of the pituitary of immature females is 140 B.U. per 
gram of tissue; in the mature female it rises to 420 B.U. (76). In pseudo¬ 
pregnant rabbits it rises to a peak at 5 days, and if the does are suckling the 
level is 66 per cent higher than if they are not suckling (77). 

Immature 4-wcek-old rabbits do not give an ovarian response to pituitary 
hormones (7<8). In adult rabbits the minimal ovulating dose of anterior 
pituitary extract is o.i R.U., and of prolan, 2.0 R.U., but in the rabbit hypo- 
physectomized immediately before injection 25 per cent and 50 per cent more 
were needed, respectively. The latter figures should approximate the mini¬ 
mum amount released from the pituitary after coitus (79). Another report 
gives 5 M.U. of prolan as the optimal ovulating dose in the intact animal 
(80). During pregnancy 10 R.U, of prolan are needed to cause ovulation. If 
the injection is made at ii days, there is no interruption of pregnancy, but at 
17 days all gestations are interrupted (81). By properly spaced injections of 
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prolan (82) or anterior pituitary extracts (83, 84) toward the end of pseudo¬ 
pregnancy, this condition can be greatly prolonged, since new waves of 
corpora lutea are developed. 

In the mature rabbit superovulation is not produced by the injection of 
P.M.S., probably because the latter causes the immediate rupture of those 
follicles which are already mature and the luteinization of others (^5)- Super¬ 
ovulation may be caused in both juvenile and adult does with F.S.H. pre¬ 
pared by tryptic digestion of anterior pituitary extracts. The number of 
embryos may thus be greatly increased, but few of them survive, with the 
result that the number alive in late pregnancy is less than usual (H6). The 
use of horse pituitary extract, which is very high in F.S.H., has produced 
similar results (87). 

Ovulation after electrical stimulation through the head may be inhibited 
by the injection of 0.5 mg. of estradiol benzoate or 10 mg. of testosterone 
propionate (88). The injection of 150 R.U. of estrogen daily at 3 to 4 days 
after coitus prevents implantation, although if the injections are delayed to 
5 to 6 days, it is not prevented. Smaller doses at 3 to 4 days reduced the 
number of implantations (89). The activity of the corpus luteum in produc¬ 
ing glandular hypertrophy is inhibited by the injection of 600 l.U. of estro¬ 
gen; 360 l.U. prevent nidation of the ova, but at 5 to 6 days 720 l.U. are 
needed to terminate the pregnancy. From 12 days on, 240 l.U. cause abortion 
(90). If the injection of estrogens is performed within the first 5 days of pscu- 
dopregnancy t,ooo R.U. are needed to terminate this condition, and, since 675 
R.U. suppress the progestational activity of 3 Rab.U. of progesterone, it may 
be concluded that the rabbit produces more than 3 Rab.U. of progesterone 
in the first 5 days of pseudopregnancy (91). 

Uterine motility in the doe in heat is rapidly inhibited by the injection of 
progesterone. It ceases in 4 hours with 0.3 Rab.U., in 2 hours with 0.6 
Rab. U., and in 55 minutes with 1.2 Rab.U. (92). On the other hand the 
muscle in the ovariectomized doe is quiescent by 2 to 3 days after operation. 
The injection of 2 to 5 R.U. of estrogen per kg. of body weight restores the 
motility within 24 hours, but during pseudopregnancy 1,090 R.U. per kg. 
are ineffective (93). This response to estrogen can first be observed 10 hours 
after the injections are made, and the metabolic rate of the tissue rises with 
the restoration of motility. Hyperemia of the vascular bed was maximal 
within 30 minutes of injection (94). With the lack of response to pituitrin 
as a criterion of progesterone activity it was found that 5 Rab.U. gave com¬ 
plete inhibition in all cases, whereas less than i Rab.U. never gave complete 
inhibition. Above this minimum the number of rabbits which failed to 
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respond to pituitrin gradually increased (95). At i to 3 days post coitum 
5 /i o£ estrogen given for 3 days interrupts the pregnancy. From 2 to 5 
days 10 /A arc needed, and from 3 to 7 days the amount is increased to 15 /a 
daily (96). 

Carbonic anhydrase is low in the endometrium in the estrous doe. The 
amount rises on the fourth day after mating and reaches its maximum 
at 8 days. This enzyme was not found in the endometria of several other 
species examined (97). 

The pseudopregnant uterine proliferation is maintained by 0.2 to 0.4 
Rab.U. of progesterone daily for the first 6 days; thereafter 1.5 Rab.U. are 
required daily to ii days. After this time increased dosages did not main- 
tain the proliferation, but if 20 R.U. of estrogen were also injected it was 
maintained. It was also found that in the normal animal the injection of 
estrogens will maintain the pseudopregnant corpora lutea for longer than 
the usual 16 days (91). This work has led to the view that the corpus luteum 
needs estrogen for its maintenance. It has been found that i jug. of estradiol 
will maintain luteal function in rabbits (98), and that» after removal of the 
gravid horn in unilaterally pregnant rabbits, 3 /Ag. of estradiol benzoate a 
day prevent the involution of the corpora lutea, even beyond the usual 
term (99). This reaction docs not depend on the pituitary since almost similar 
doses are effective in the hypophysectomized rabbit (100). It is believed, also, 
that one of the functions of the uterus is to produce estrogens, which main¬ 
tain the corpora lutea during the second half of pregnancy. After hyster¬ 
ectomy in the first half of this period, they last for the usual pseudopregnant 
time; but if the operation is performed in the second half they decline 
precipitously, though they are preserved if estrogens are injected (101). 

The blood supply to the uterus is believed to depend to some extent upon 
the acetyl-choline content of the tissue. It rises in the uteri of spayed does 
treated with estrogens, but the rise is transient, lasting only 6 hours or 
less (102.) 

The injection of large amounts of estrogen causes the tube-locking of ova, 
a condition which also occurs under similar circumstances in the rat. On the 
other hand, the injection of progesterone hastens their passage (103). Our 
knowledge of tubal motility leaves a good deal to be desired. 

Certain data upon the effects of progesterone upon the uterus were given 
in the discussion of the output of the corpus luteum. However, it is known 
that estrogen is equally necessary, as the following results show: A dose of 
0.5 mg of progesterone twice daily is necessary for implantation after ovari¬ 
ectomy; after 11 days i.o mg. twice daily will carry the pregnancy to term 
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(104), According to another account 2.0 I.U. daily arc needed from ii to 15 
days, and after that 4.0 I.U. (104), or 5.0 mg. (106); but if a trace (1:1,600) 
of estrone is added, only 0.5 mg. is needed (107). During pregnancy the 
serum progesterone increases rapidly for 12 days. Then a slow increase 
follows until term when the level reaches 10 /Ag./ml. (108). Pregnanediol 
appears in the urine immediately after mating and it may be detected for 

1 to 3 days. Then it appears again at 8 to 10 days and remains detectable 
until just before parturition (109). 

Parturition is delayed if a new set of corpora lutea is caused to develop 
late in pregnancy by the injection of gonadotrophic hormones. The injection 
of 1.5 I.U. of progesterone daily at, and after, the normal time of parturition 
has the same effect. The fetuses continue to grow but do not live beyond 
the thirty-fifth day in iitero. Parturition usually becomes abnormal (no). 
The injection of estrogens at the rate of 150 I.U. daily toward the end of 
pregnancy also maintains the corpora lutea and produces the same effect, but 
if the doe has been ovariectomized parturition follows despite the injections 
(in). 

In the hypophysectomized rabbit it has been found that injected pro¬ 
gesterone and estrogens have the usual effects upon the endometrium, but 
the effect is not so great as in the ovariectomized, injected rabbit whose 
pituitary is intact (112). The same results were obtained with estrogen alone 
(113) and with progesterone alone (114), although it has also been found 
that a greater amount of progesterone is needed under these conditions to 
produce a given effect (115). Pregnancy may also be prolonged in the 
hypophysectomized rabbit by the combined injection of 1.9 to 2.5 mg. of 
progesterone and 2 /xg. of estradiol benzoate daily (116). 

1 he pH of fluids secreted in isolated segments of the uteri of rabbits 
brought into heat by the injection of stilbestrol averaged 7.8, with a range 
from 7.73 to 7.90 (117). During heat the amount of tubal secretion is 0.79 
ml./24 hours, per tube and at 46.0 cm, H^O pressure. It is reduced late in 
pregnancy and after ovariectomy (118). The amount secreted decreases in 

2 to 3 days and levels off at 50 per cent of the rate in estrus (119). This 
fluid flows towards the ovary during the 3 or 4 days in which the utero¬ 
tubal junction is closed after ovulation. This flow is instrumental in aiding 
the rapid transport of spermatozoa through the tube. The junction is closed 
as long as estrogens are active. When progesterone nullifies their action the 
junction opens (120, 121). The upper vagina has a pH of 8.1; the cervix, 7.9; 
the uterine horn, 7.6; the isthmus, 7.4; and the infundibulum, 7.8. At the 
same time the fluid in the ripe follicle has a pH of 7.3 (122). 
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Within the uterus the spermatozoa travel at the rate of 0.5 to 3.3 mm. 
per minute and they probably travel by their own power (123). They reach 
the oviduct at about 3 hours after coitus. By 6 hours 5,000 are present in the 
whole oviduct. This number remains fairly constant. The utero-tubal junc¬ 
tion is an effective barrier to the entry of great numbers (124). 

The dewlap is apparently a secondary sexual character in rabbits, as it is 
rarely present in the males but usually present in the females of certain 
breeds. Its development may be inhibited or its involution may be caused 
by ovariectomy. In males its development may be induced by the injection of 
estrogens (125). 

The anal and inguinal scent glands are the same in both sexes and are 
capable of developing under the influence of both estrogens and androgens, 
except that the inguinal ones react differently to the two hormones (126). 


THE MALE 

The average ejaculate of the buck rabbit is 0.32 cc. with 200 million 
spermatozoa per cc. (r27). The amount and concentration vary with the 
breed, probably because of differences in body size. Thus the small Polish 
buck produced a mean of 0.4S g. and a total of 44.2 million spermatozoa, 
while the Flemish giant and blue Vienna bucks produced 0.94 g. and 139.8 
million spermatozoa (128). The gelatinous mass in the semen varies from 
0.34 g. to 4.29 g., the average being 1.67 ±,36 g. This substance contains but 
little fructose but does contain an appreciable amount of estrogens (129). 
The inositol content of the semen is 28 mg./100 ml. (130). Obtained from 
the vas deferens the spermatic fluid has a pH of from 6.2 to 7.35. The average 
pH of semen is 7.3 to 7.4 (range 6.75 to 8.1) (131). Another average gives 
the semen pH as 7.2 (132). 

The number of spermatozoa needed to fertilize some ova depends some¬ 
what upon the amount of fluid introduced. If fewer than i million are 
inseminated the chance of fertilization is reduced; if the number used is 
below 10,000 fertilization does not occur at all (133). If 0.2 ml. of fluid is 
used, 90,000 spermatozoa are suflicicnt to give maximum fertility (134). 

S[KTmatozoa must remain in the female tract for about 5 hours before 
they attain their full capacity for fertilization. This is known as capacita- 
tion.” The egg is mature at ovulation. The spermatozoa take about 4 hours 
to reach the egg (135). 

There is no compensatory hypertrophy of the testis after unilateral castra- 
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tion, and the number of spermatozoa is related to the testis weight. Thus, 
in the animal with one testis only half the usual number of spermatozoa are 
produced (136). 

The spermatozoa pass through the epididymis in 4 to 7 days (137, 138). 
No vaginal plug is formed at copulation. The spermatozoa find their way 
into the uterus by penetration, not by suction or peristalsis (137)5 
are transported up the uterus to the tubo-uterine junction in a short while, 
less than 5 minutes (139), and this is said to involve peristaltic action (140). 

The amount of testosterone needed to cause a buck castrated early in 
life to copulate is 10 mg. per day (141). The threshold dose of testosterone 
propionate to maintain the accessory organs in the castrate is between 0.25 
and 2.5 mg. daily (142). The excretion of 17-ketosteroids per 48 hours in the 
male is 2.3 it .1 fig. In the castrate it is 1.35 it .1 fig., and in the cryptorchid, 
1.40 It .97 fig. (143). 

The normal male pituitary contains more gonadotrophic hormones than 
that of the female; after castration the potency increases 36 per cent in 3 
months, in contrast to the 100 per cent increase recorded for the female (70). 
The pituitary of the normal male is higher than that of the female in both 
F.S.H. and L.H. content. At 10 days of age there is no gonadotrophic hor¬ 
mone at all. At 15 to 2T days there is follicle stimulator only, although from 
25 days onward both hormones are present (63). The prolactin content of 
the pituitary is increased if estrogen is injected into males, but 5.000 l.U. in¬ 
jected over a period of 10 days is less effective than 500 or 1,000 l.U. (144). 

The length of seminiferous tubules in one testis was 70 meters (145). The 
prenatal proportion of males, from 20 days to term, was 50.74 it .76 (146). 
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Brachylagus idahoensis Merriam 
PYGMY RABBIT 


This rabbit has from 5 to 8 young and probably 2 litters a year (i) 
usually born from late May to early August (2). 

1. Bailey, V. NAF., 55, 1936. 

2. Hall, F. R., and K. R. Kelson. The Mammals of North America. New York, 1959. 



Rodentia 


T he rodents comprise a large number of species, and their habits are 
so diverse that it is not surprising to find a variety of reproductive pat¬ 
terns among them. In many cases it is very difficult to observe their reproduc¬ 
tion owing to their nocturnal or subterranean habits. 

In the Sciuridae probably most species are polyestrous during the spring 
and summer, with an anestrous period during hibernation. One species, the 
thirtecn-lined ground squirrel, is known to ovulate only after coitus, and 
probably many others have the same habit. Apparently there is no heat or 
ovulation until lactation is finished, and this reduces the possible annual 
number of litters. 

The Gcomyidae seem to have a bewildering variety of patterns, even in 
one genus. Some seem to be polyestrous all the year, some are for a limited 
period, and some arc said to have only one litter a year. Possibly the habitat 
may have much influence upon their behavior. Many of them live in deserts 
or on their fringes. 

The Heteromyidae are nearly all polyestrous for most of the year, but 
reproduction appears to be in abeyance in late summer and fall. 

The Cricetidae and Muridae are alike in being mainly polyestrous all the 
year, especially under laboratory conditions. In the wild, however, litters 
tend to be few in July and August and again in the winter. At the latter 
time the short duration of light appears to be a more injurious factor than 
the lowered temperature. In species such as these, with an intense rate of 
metabolism, food supply is probably a major factor in reproduction. A post¬ 
parturition heat is the general rule in both families but does not occur in all 
species, even within a genus. This is especially true in Peromysciis, When 
pregnancy occurs at this time and the females are lactating, delayed im¬ 
plantation and prolongation of gestation is the rule, especially among the 
smaller species. If the female does not become pregnant, lactation anestrum 
is the rule. Ovulation is spontaneous, and the corpus luteum of the cycle 
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is nonfunctional, though it is not clear whether this is so in the Gcrbillinae. 
Pseudopregnancy has been recorded in both families, but very few species 
have been investigated to ascertain whether it is general. Apparently confine¬ 
ment reduces the litter size as, in general, the litter size of the wild female 
is larger than that of the laboratory or zoo female. 

The Caviidae and related families have a longer cycle than the Cricetidae 
and the Muridae. Probably in all of them the corpus luteum of the cycle 
is functional, as it is in the guinea pig. The gestation period, in all species 
in which it is known, is exceptionally long for their size. 


APLODONTIDAE 

Aplodontia rufa Rafinesque 
MOUNTAIN BEAVER 


The female breeds first in her second year, but she probably has a sterile 
cycle in her first year. There is one heat period, in February, and i litter 
a year, born after a gestation period of 28 to 30 days. Ovulation is spon¬ 
taneous. The vaginal smear is cornified at the time of heat (1). 

The ripe follicle measures about 3 mm., and the ovum, qo to too /x outside 
the zona pellucida. Examination of 12 pregnant females gave averages 
of 2.8 corpora lutea and 2.4 embryos. The ovulations were evenly spread 
between the two ovaries, but 18 embryos were in the left horn of the uterus 
and II in the right. The whole reproductive tract is hypertrophied at estrus. 
There is no bursa ovarii, but at heat the fimbria enlarge; at this time, too, 
the vulva is greatly swollen. The corpus luteum increases in size nearly to 
term; then it regresses quickly (i). 

The testes and accessory organs are largest in midwinter and they begin 
to retrogress in February and March. In the second year of life these organs 
remain larger than they were in the first. The testes arc abdominal except 
in the breeding season, when they are semiscrotal. The spermatozoa measure 
100 fi in length (2). 

1. Pfeiffer, E. W. JM., 39: 223-235, 1958. 

2. Pfeiffer, E. W. AR., 124: 629-637, 1956. 
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SCIURIDAE 

SCIURINAE 

Sciurtis carolinensis Gmclin 
GRAY SQUIRREL 


In Illinois this squirrel has two breeding seasons in the year—about Janu¬ 
ary I to 10 and June 15 to 25 in the southern part of the state, and January 
20 to 30 and July 5 to 15 in the northern part (i). In Texas the winter season 
begins in December, the summer one in late May or early June (2). In 
Kentucky the times of breeding are similar, with larger litters often in the 
winter season (3). Introduced into Great Britain the species thrives. It experi¬ 
ences anestrum from September to January and has two breeding peaks, in 
March and June (4), Introduced into British Columbia the species breeds 
from March 3 to April 8 and again from June 15 to July 18, about the same 
as in Great Britain but later than in more southern regions (5). In South 
Africa, also, there are 2 litters a year, in spring and summer, with the main 
season from October to January (6). 

The young do not breed during their first year (6), but there is a dif¬ 
ference between the seasons of those born in the previous spring and sum¬ 
mer. Males of the former group remain sexually active for 6 to 8 months 
while the summer-born males are active for only 3 months (7). In mature 
squirrels the ovary does not regress much during anestrum. 

In a limited series the number ot ripe follicles at the time of heat was 
found to average 4.7; the corpora lutea of pregnancy, 3.6; and the number 
of embryos, 3.6 (4). In Texas the litter size averaged 2.7, range i to 4, but 
usually 2 to 3, and the period of gestation was 44 days (2). In Great Britain 
the average spring litter size was 2.5 and the autumn, 3.2. Embryo counts 
in spring gave 2.2, mode 2, and in autumn the mode was 3. Implantations 
were evenly distributed between the uterine horns (6). 

The size of the mature follicle is about i.i mm., and that of the corpus 
luteum of pregnancy i.o to 1.3 mm. The latter begins to regress at mid¬ 
pregnancy. The ovum size is 95 /a. There is very little interstitial tissue in the 
ovary, but a large amount of fibrous tissue is present (4). 



2i6 


MAMMALIAN REPRODUCTION 


The vaginal orifice is closed before puberty and during anestrum. The 
vulva swells during heat and forms a papilla 0.5 cm. wide and i cm. long, 
which probably remains for 2 weeks. During heat the vaginal epithelium 
hypertrophies, cornifies, and sloughs off, followed by an invasion of leu¬ 
cocytes. A vaginal plug is formed at copulation (4). 

The uterus is bicornuate and the outer coats of the cornua anastamose 
for 0.5 cm. before the fusion of the circular muscle, which is unusually thick. 
During anestrum the stroma is dense and poorly vascularized, the glands 
are few and small, the epithelial cells are 7 to 12 /x high, and hyalinized blood 
vessels are found in the serosa. During heat all the tissues grow, the stroma 
becomes edematous, and the cell nuclei enlarge. Vascularity increases, the 
epithelial cells increase to 15 to 20 g in height, and the lumen fills with fluid. 
In metestrum the endometrium becomes folded, the epithelial cells increase 
further to 25 to 30 /x, and the glands proliferate and become coiled thf)ugh 
they are not secreting; they open into depressions between the epithelial 
folds. Changes in the cervix are similar to those in the uterine horns (4). 

The oviduct is 50 to 60 mm. long and is much coiled. Some cilia are found 
during anestrum; during heat they increase in numbers, the epithelium is 
higher, and the interciliary cells are actively secreting. (4). 

During the anestrous period the reduction in testis size is not great 
and these organs are readily retractable at any time. In January they weigh 
about 6.2 g. and in May, 5.7 g. (i). The seminal vesicles are relatively small, 
slightly branched, and much coiled; they open into the urethra. The prostate 
and bulbo'Urethral glands are large (8). In January the latter measure 
20 mm. in diameter but they decrease to i to 2 mm. in August (9). They 
begin to develop in October and reach their maximum size by the end of 
December (1). 

In Great Britain there is no true anestrous period in the male. The seminal 
vesicles are bent back upon the prostate. The bulbo-urethral glands are 
spirally wound. The penis is sharply reflexed at the distal end. There is no 
fat accumulation in the interstitial cells of the testis (10). 

1. Brown, L. G., and L. E. Yeager. Illinois Nat. Hist. Survey, 23: 448-536, 1945. 

2. Goodrum, P. D. Texas Agric. Exp. Sta., Bull. 591, 1940. 

3. Hibbard, C. W. ]M., 16: 325-326, 1935. 

4. Deanesly, R., and A. S. Parkes. TRS., 222B: 47-78, 1933. 

5. Robinson, D. J., and I. McT. Cowan. Canadian J. Zool., 32: 261-282, 1954. 

6. Shorten, M. PZS., 121: 427-459, 1951-2. 

7. Kirkpatrick, C. M., and R. A. Hoffman. JWM., 24: 218-221, i960. 

8. Mossman, H. W., L. W. Lawlah, and J. A. Bradley. AJA., 51: 89-155, 1932. 
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9. Packard, R. L. Kansas Mus. Nat. Hist, Misc. Publ. ii, 1956. 
10. Allanson, M. TRS., 222B; 79-96, 1933. 


Sciurus niger L. 
FOX SQUIRREL 


In Illinois most old females and those that were born in the previous 
spring breed in December, January, and early February. Then there is little 
breeding until the females born in the previous summer and the older fe- 
males that produce a second-season litter come in heat, usually in May and 
June. These seasons are about 3 weeks later in the northern part of the state 
than in the south. Thus, the peaks of the southern seasons are December 15 
to 25 and May 25 to June 5, while in the north the corresponding dates arc 
January 5 to 15 and June 15 to 25 (i). In Michigan the season begins in late 
December or early January. After a decline more breeding takes place from 
March to May. It increases in June but falls off in July (2). In Mexico there 
are also two seasons in the year. Lactating females have been taken in late 
March and early April, and pregnant females have been found in June (3). 

In Illinois the average number of fetuses in both seasons is 2.4. Farmland 
squirrels have a high litter size, about 3.4, while those living on oak-hickory 
upland averaged 2.5 (i). In Michigan an average of 3.0 dz .1; mode, 3; and 
range i to 6 was found. The gestation period is about 45 days (2). 

The male is able to breed in all months except August, but the frequency 
of males with degenerating testes is twice as many in summer and fall than 
in winter and spring. Males probably stay in breeding condition for two or 
more seasons (4). The degenerating bulbo-urethral gland is characterized 
by massive amounts of collagenous connective tissue which surrounds iso¬ 
lated lobules of very small inactive tubules. This is the best criterion for dis¬ 
tinguishing between juveniles and adults in nonbreeding condition. The 
changes in the accessory glands are not absolutely correlated with the condi¬ 
tion of the testes. Prostate and bulbo-urethral glands are most subject to 
change, and the seminal vesicles are less affected (5). The bulbo-urethral 
glands are large—diameter, 20 mm.—from November to early June. Then 
they become reduced to i to 2 mm. (6). 

The length of the sperm head is 12.1 g. (range, lo.o to 15.0), and its width, 
ii.o /X (9.0-14.0). The midpiece width is 1.9 /x (i.3-2.5), and the tail length 
is iio.o /X (98.9-115.0) (7). 
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1. Brown, L. G., and L. E. Yeager. Illinois Nat. Hist. Survey, 23; 44^"53^» ^945- 

2. Allen, D. L. Michigan Dept, of Conservation, Game Division, Publ. 100, 1943- 
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5. Mossman, H. W., R. A. Hoffman and C. M. Kirkpatrick. AJA., 97: 257-301, 1955. 

6. Packard, R. L. Univ. Kansas Mus. Nat. Hist., Misc. Publ. ii, 1956. 

7. Hirth, H. F. J. Morphol., 106: 77-83, i960. 


Sciuriis vulgaris L. 
EUROPEAN RED SQUIRREL 


The common European red squirrel breeds at 8 to 10 months old (i). 
In Russia the breeding seasons are from January to March and from mid- 
May to June, but in the south four ovulations a year may occur, extending 
the breeding season through March and April and occasionally into August 
and September. The inference may be drawn that this species is polyestrous 
under favorable conditions (2). In England pregnant females have been 
found in every month from December to July, but in August most of the 
females taken indicated by the state of the reproductive tract that anestrum 
was approaching (3). The observed gestation period is 38 days; in this 
instcince 6 young were born (4). 

Sexually active males are found in England from November to July in¬ 
clusive, possibly longer (3). 

1. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die S.'iugcucrc in dcr 
Scluitzwaldzone. Berlin, 1956. 

2. Labacev, S. V. ZZ., 13; 28.>-291, 1934. 

3. Rowlands, I. W. PZS., to8B: 441-443, 1938. 

4. Eibl-Eibesfeldt, I. Zeit. TierpsychoL, 8: 370-400, 1951. 


Sciurus aberti Woodhouse. This squirrel breeds from May to August, 
varying with the altitude. It probably has 2 litters a year, with 3 to 4 the usual 
litter size (i, 2). 

5 . alleni Nelson. Females with 2 embryos each have been found in March 
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and lactating ones in April (3). Specimens with 4 embryos each have also 
been reported in July and August (4). 

5 . apache Allen. A record, dated July, of a female with 3 embryos has 
been found (f), also two in the same month with 2 and 3 fetuses each (2). 

5 . aureogaster Cuvier. In January males with enlarged testes have been 
found and, early in March, a female with 2 fetuses near term (5). 

tS. deppei Peters. This Central American squirrel has been recorded with 
3 embryos (6). 

S. gerrardi Gray, All females of this Central American squirrel taken in 
June were pregnant and the males were producing spermatozoa. The num¬ 
ber of young varies from i to 3, but 2 is the usual number (7). 

S. griscus Ord. The C.alifornia gray squirrel has its young in January and 
February in Oregon ((S), and from May to June on the Mexican border (i). 
In C^alifornia heat may occur at any time from January to June. One litter 
a year of 2 to 4 young are born after a gestation period of 43 days or more (9). 

5 . hoffryiunni Peters. This Central American squirrel has been recorded 
with 3 embryos (10). 

S. negligens Nelson. The young of this Mexican squirrel are born in the 
first week of July (11). 

S. poUopiis Fitzinger. One record for this squirrel gives 2 embryos, one 
in each horn. Lactating and pregnant females have been found in Au- 
gust (12). 

5 . varicgatoidcs Ogilby. This squirrel probably has from 4 to 6 young at 
a time (13). 

1. Mcarns, I'.. A. United States National Mus., Bull. 56, 1907. 

2. Leopold, A. S. Wildlile of Mexico. 7 ’lie Game Birds and Mammals. Berkeley, 
Calif., 1959. 

3. Baker, R. H. Unix. Kansas Mus. Nat. Hist., Puhl. 9: 125-335, 1956. 

4. Dice, L. R. Univ. Michigan Sci. Ser. 12: 245-268, 1937. 

5. Hall, E. R., and K. R. Kelson. The Mammals of North America. New York, 

1959- 

6. Muric, A. Univ. Michig.in Mus. Zool., Misc. Publ. 26, 1935. 

7. Knders, R. K. HCMZ., 7S: 3H5-502, 1935. Also personal communication, 1945. 

8. Bailey, V. NAF., 55; 1936. 

9. Ingles, L. G. ("alifornia Fish anti Game, 33: 139-157, 1947. 

10. Enders, R. K. Personal communication, 1945. 

11. Dakjuesi, W. W. Mammals of the Me.vican State of San Luis Potosi. Baton Rouge, 
La., 1953 - 

12. Davis, W. Ik [M., 25: 370-403, 1944. 

13. Goodwin, G. G. AM., 87: 271-474, 1946. 
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Microsciurus alfori Allen 
PYGMY SQUIRREL 


This squirrel breeds from April to June, at least. Specimens have been 
found in Panama with active testes in June (i). 

I. Enders, R. K. HCMZ., 78: 385-502, 1935. 


Sciurillus pusillus Desmarest 


Pregnant females with 2 embryos have been found in June (i). 
I, Olalla, A. M. Rev. Mus. Paulista, 19: 425-430, 1935. 


Tamiasciurus hudsonicus Erxleben 
AMERICAN RED SQUIRREL 


This squirrel ranges from the Rocky Mountains eastward. In Manitoba 
it mates from late March and early April and has i litter a year (1). In 
New York State two seasons are found. The first is from February to March 
and the second from June to July. Some adult females have 2 litters a year, 
others may not breed until midsummer. The yearling spring young breed 
at the February to March season, but most of thtjse born in the summer wait 
until the second season to breed. Most males are fertile from February to 
September (2). The litter size is 3 to G, and the gestation period lasts about 
40 days (3). Embryo counts have given an average of 4.2 young (4). 

The female has an unusually long, coiled vagina during heat. In the male 
Cowper’s glands are minute and open to the urethra in the bulb without a 
penile duct. There is no bulbo-urethral gland. The seminal vesicles are ex¬ 
cessively large. The penis is long and filiform without a baculum. The 
urethra has a diverticulum in the bulbar region (5). The testes descend in 
January, but there are no spermatozoa in the epididymis until January 20. 
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They decrease in size in June but may enlarge again in July. Spermatozoa 
are still present in September and October (4). 

The dimensions of the sperm head are 14.0 /a (12.0-16.5) X 12.2 fx 
(9.5-14.0); the midpiece width is 2.1 ft (i.5~2.5); and the tail length is 
117.0 ft (108.0-120.9) 

1. Seton, E. T. Life Histories of North American Animals. New York, 1909. 

2. Layne, J. N. Ecol. Monogr., 24: 227-267, 1954. 

3. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

4. Hamilton, Jr., W. J. AMN., 22: 732-745, 1939. 

5. Mossinan, H. W., L. W. Lawlah, and J. A. Bradley. AJA., 51: 89-155, 1932. 

6. Hirth, H. F. J. Morphol., 106: 77-83, i960. 

Tamiasciurus douglasii Bachman. The orange-bellied chickaree has its 
young in June and July. From 4 to 7 young are usual (i, 2), mostly 5 or 6. 
Mating is in early spring (3). 

T, jremonti Audubon and Bachman. The young of this chickaree are 
born in spring or early summer. They number i to 4, and one litter a year 
is the rule (4). 

1. Ingles, L. G. Mammals of California and Its Coastal Waters. Stanford, Calif., 1954. 

2. Bailey, V. NAF., 55, 1936. 

3. Leopold, A. S. Wildlife of Mexico. The Game Birds and Mammals. Berkeley, 
Calif., 1959. 

4. Bailey, V. NAF., 53, 1931. 


Funambiilus palmarurn L. 
PALM SQUIRREL 


In the vicinity of Bangalore the males are in a condition of sexual activity 
all the year and pregnant females may be found at any lime, but most litters 
are born late in May and in September or January (1). In Ceylon most are 
born from October to May (2). From 2 to 4 is the usual litter size (3). 

The weight of the testes of the adult is about 2.5 g. and there is no seasonal 
variation. They become functional when the pair weigh 1.12 g. Interstitial 
cells, also, show little seasonal variation. They grow until the testes weigh 
1.8 g. At this point the seminal vesicles begin to grow and increase in pro¬ 
portion to the testis weight (i). 
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1. Prasad, M. R. N. J. Mysore Univ., iiB: 89-105, 1951. 

2. Phillips, W. W. A. Ceylon J. Sci., 14B: 209-293, 1927-8. 

3. Blanford, W. T. The Fauna of British India. Mammals. London, 1888-91. 


Tunambulus pennanti Wroughton 


The females reach puberty at from 6 to 8 months. Heat lasts about a 
day. Three litters, averaging 3 young apiece, are produced each year. Litters 
of 2 and 4 are rare. The gestation period lasts 40 to 42 days. Lactation lasts 
for 2 months, and the females do not come into heat during this period (i). 

During proestrum, which lasts for 2 days, the vaginal contents are fluid 
and contain mucus which tends to flow out of the vagina. 1 he ovaries con¬ 
tain growing follicles. In estrus the smear has fewer squamous epithelial cells, 
which are the only ones present in proestrum. More cornihed cells are present. 
Ovulation occurs at the end of this stage, when leucocytes make their ap¬ 
pearance in moderate numbers. This period lasts for i day. In metestrum, 
which lasts for about 4 days, large numbers of round cells and oval epithelial 
cells appear late in the period. Postestrum is characterized by a great increase 
in the number of leucocytes. At the end of this period only cell debris may be 
found (2). 

1. Banerji, A. }. Bombay Nat. Hist. Soc., 54: 335-343, 1957. 

2. Arslan, M. Biologia, 5: 74-83, 1959. 

Funambulus layardi Blyth. Females with 2 and 3 large fetuses have been 
taken in September and February (i). 

I. Phillips, W. W. A. Ceylon J. Sci., 14B: 209-293, 1927-8. 


Ratufa macroura Pennant 


In Ceylon 3 or 4 young are born at a time (t). Another record is of a 
single young born in February after a gestation period that was probably 
4 weeks long (2). 

1. Phillips, W. W. A. Ceylon J. Sci., 14B: 209-293, 1927-8. 

2. Hill, W. C. O. Spolia Zeylandica, 21: 189-191, 1938-9. 
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Protoxerus startgeri Waterhouse 
GIANT SQUIRREL 


A female with 2 minute embryos was found in December (i). 

I. Allen, G. M., and A. Loveridge. HCMZ., 89: 147-214, 1941-2. 


F unisciurus 


Fiitiisciurtis auriculatus Matschie. In the Cameroons a female with a single 
embryo has been reported in February or March (1). 
f. congicLis Kuhl. A male with enlarged testes was found in June (2). 
£. pyrrhopus Cuvier. The young, usually 2, arc born at least from June to 
September (3). 

1. Eisentraiit, M. Zool. Jalirb., Syst., 85: 619-672, 1957. 

2. Hill, 1 . K., ami T. 13 . Carter. AM., 78: 1-211, 1941. 

3. Allen, G. M., and H. }. Coolidgc, Jr. In R. P. Strong, ed., The African Republic of 
Liberia and the Belgian Congo. Cambridge, Mass., 1930. 


Paraxerus cepapi A. Smith 
BUSH SQUIRREL 


This African squirrel has been found with large and small embryos in 
January (i). It has also been found pregnant in August, October, and 
February (2). In one of these specimens 2 embryos were found. The litter 
size has been reported as from 2 to 4 (3), 

1. Lawrence, B., and A. Loveridge. HCMZ., 110: r-80, 1953. 

2. Frcchkop, S. EPNU., 1944* 

3. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 


Paraxerus emirti Stuhlmann. There is a December record of this squirrel 
with a single medium-sized fetus (i). 
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P. flavivittis Peters. The young are born in September (2). 

P. ochraceus Huet. This squirrel has been found with 2 fetuses, in Novem¬ 
ber and December (3). 

1. Allen, G. M., and A. Lovcridge. HCMZ., 89: 147-214, 1941-2. 

2. Loveridgc, A. J. East Africa and Uganda Nat. Hist. Soc., 17: 39-69, 1922. 

3. Abbott, —. In G. C. Shortridgc, The Mammals of South West Africa. London, 1934- 


Helioscittrus 


Heliosciurus gambianus Ogilby. This squirrel has from 2 to 4 young at 
a time (1). 

H. rujobrachiiim Waterhouse. In December specimens with i and 2 large 
fetuses have been found. Towards the end of January very young animals 
were seen (2). 

r. V'erheyen, R. Inst. Parcs Nat. Congo Beige, Upemba, 1951. 

2. Allen, G. M., B. Lawrence, and A. Lovcridge. HCMZ., 79: 31-126, 1935-7. 


Callosciurus 


Callosciurus caniceps Gray, The females of this Malayan squirrel reach 
puberty at 240 g. The mean embryo count was 2.2, mode 2, range 1-5. They 
are equally distributed between the uterine horns. Of the males, 50 per cent 
are fertile at 210 ± .i g., and 95 per cent at 259 rt t.o g. (i). 

C. erythraeus Pallas. This squirrel has a litter of from 3 to 4 young (2). 

C. hippurus GeofTroy. No pregnancies were found from April to Au- 
gust (3). 

C. lokroides Hodgson. A female caught in March had 4 fetuses (4). 

C. lowi Thomas. Three females with 2 embryos each and i with 3 have 
been found (i). 

C. nigrovattus Horscfield. Females reach puberty at 190 g. or more. The 
mean embryo count was 2.2, mode 2, range i to 4. Most pregnancies were 
found from April to September. Of the males, 50 per cent were fertile at 
149 zb .4 g., and 95 per cent at 267 =b .7 g. (1). 

C. notatus Boddaert. The females reach puberty at 200 g. and up. The 
mean embryo count was 2.2, mode 2, range 1-4, with equal distribution 
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in both horns. Most pregnancies were found from April to June. Of the 
males 50 per cent were fertile at 113 .7 g., and 95 per cent at 257 dt i.o g. 

(i). In Java the breeding season is in the wet monsoon (5). 

C. prevosti Desmarest. Females are usually lactating during the first three 
months of the year (6). 

C. tennis Horsefield. Of the males 50 per cent were fertile at 50.2 ±: .3 g., 
and 95 per cent at 88.3 ± .3 g. Embryo counts have ranged from 2 to 4 (i). 
C. vittatus Raffles. This squirrel has 3 to 4 young to the litter (6). 

1. Harrison, J. L. PZS., 125: 445-460, 1955. 

2. Ho, H. J. Contr. Hiol. Lab. Sci., Chinn, Zool. Ser., 10: 245-287, 1933-5. 

3. Wade, P. JM., 39: 4 ^ 9 - 433 » 1958. 

4. Carter, T. D. AM., 82: 95-114, 1943-4. 

5. Dammerman, K. W. Treubia, 13; 429-470, 1931. 

6. Banks, E. J. Malay Br. Royal Asiatic Soc., 9(2): 1-139, 1931. 


Rhinosciuriis laticaudatus Muller and Schlegel 

In Malaya females with 1 and 2 embryos have been found (i). 
I. Harrison, J. L. PZS., 125: 445-460, 1955, 

Larisens insignis Cuvier 

In Malaya a female with 2 embryos was found (i). 

I. Harrison, J. L. PZS., 125: 445-460, 1955. 


Xerus 

AFRICAN GROUND SQUIRREL 


Xerus erythropus GcofTroy. This squirrel has 3 to 4 young to the litter (i). 
X. inauris Zimmermann. This ground squirrel breeds twice a year and has 
from 3 to 6 young at a time. Puberty is reached at C months of age (2). 
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X. rutilis Cretzchmar. A female with 2 fetuses was found at the end of 
January (3). 

1. Dekeyser, P. L. Les Marnmifcres de I’Afriqiic Noire Fran^aise. np., 1956. 

2. Powell, W. Rodents. Dept. Public Health, South Africa, 1925. 

3. Loveridge, A. J. East Africa and Uganda Nat. Hist. Soc., 17: 39-69, 1922. 


M arm Ota mar mot a T.. 
MARMOT 


This European marmot breeds about April. From the end of August 
onwards the testes are small, and the interstitial cells are laden with yellow- 
brown pigment. In March there is great testis growth, and spcrmatoz.oa 
may be found at the end of the month. The interstitial tissue grows and 
loses its pigment. At the end of April spermatogenesis ceases, but the in¬ 
terstitial tissue docs not regress till July, when the testes return to the abdo¬ 
men (i). Heat lasts for a half day (2). One female gave birth to 7 young 
after a gestation period of 33 to 34 days (3). 

1. Courrier, R. AB., 37: 173-334, 1927. 

2. Muller-Using, D. Zeit. Jagdwi.ss., 3: 24-28, 1957. 

3. Psenner, H. Saugetierk, Mitt, 5: 4-10, 1957. 


Marm Ota monax L. 
WOODCHUCK, GROUND HOG 


This North American marmot breeds at 2 years of age. Only 10 to 25 
per cent breed earlier. The breeding season is from late February through 
March; most litters arc born in mid-April and practically all by May 10 (i). 
The mean date of birth in south central Pennsylvania is April 10. In most 
years 75 to 80 per cent of the mature females arc fertile. The mean litter 
size is about 3.9 to 4.0 (2), or 4.6 (i), but the resorption rate is about 15 per 
cent (2). In Canada the first litter is born about May 13, and the average 
number of young in newly emerged litters was 3.75 (3). There is practically 
no difference in the number of embryos in each horn of the uterus (4). The 
gestation period is 31 to 32 days (i, 5). 
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The interstitial cells of the ovary gradually enlarge during winter; after 
hibernation they become 3 to 4 times their original diameter. The maximal 
increase, due mainly to an accumulation of lipid and secretion granules, is 
found in females which do not become pregnant until late in the breeding 
season. The cells retrogress when corpora lutea are present. The latter persist 
for many weeks after parturition, but all have retrogressed by September. 
In the fall a number of fairly large graafian follicles may be observed (6). 
Young females have many polyovular follicles in their ovaries (7). 

The testes show growth similar to that of the ovaries, but the changes are 
more sudden. The interstitial cells are at a minimum during late summer and 
fall, beginning to decrease in July when the testes retire to the abdomen. 
Free spermatozoa are present by the end of March, and regression sets in at 
the end of April. There is a new cycle of activity beginning in May, and the 
testes remain active for another two months. During the quiescent period 
the interstitial cells are laden with pigment, which disappears during the 
breeding season when these cells are at a maximum. The changes are similar 
to those observed in the European A/, marmota ((S). 

The seminal vesicles have relatively coarse tubules, the bulbar gland is 
small, the penis is short, and the testes are abdominal most of the year (9). 

1. Grizzcll, R. A. AMN., 53: 257-293, 1955. 

2. Snyder, R. J., anti J. j. Christian. AR., 132: 509, 1958. 

3. tie V\)s, A., and I). I. Gillespie. Canadian Ficitl Nat., 74: 130-145, i960. 

4. Hamilton, |r., W. J. Ann. Carnegie Mas., 23: 85-178, 1934. 

5. Hoyt, S. F. JM., 33: 388-389, 1955. 

6. Rasmussen, A. T. E., 2: 353-404, 1918. 

7. Christian, J. J. JM., 31: 196, 1950. 

8. Rasmussen, A. T. AJA., 22: 475-515, 1917. 

9. Mossman, H. W., L. W. Lawlah, anti J. A. Bradley. AJA., 51: 89-155, 1932. 

Marmota boba\ Muller. This Himalayan marmot mates after it emerges 
from hibernation. The gestation period is about 40 days; from 1 to 7 young 
are born (i). 

M. caligata Esch.scholtz. In the Yukon this marmot has its young late in 
the spring. Five is a usual number (2). The mating season is April and 
May, and the litter size, 4 or 5 (3), The age at first breeding is probably 2 
years (4). 

A/, camtschatica Pallas. The litters are cast i or 2 weeks after the females 
emerge from hibernation. The litter varies from 3 to ii, and 5 is the usual 
number (5). 

A/, flaviventris Audubon and Bachman. This North American marmot 



228 


MAMMALIAN REPRODUCTION 


mates in March (3) or earlier. The young are born about March 15 in the 
Snake River region and April 15 in the Upper Okanagan. Embryo counts 
have ranged from 3 to 6, with 4 to 5 as the average (6). There might be 
another breeding season in the fall (7). 

A/, sihirica Radde. This marmot hibernates from September and October 
to April, but spermatogenesis probably continues during this period. The 
female genitalia were in normal condition but no spermatozoa were ob¬ 
served in the vaginal smears (8). 

j. Heptner, W. G., L. G. Morosowa-Turowa, and W. 1 . Zalkin. Die Saiigetiere in der 
Scliutzwaldzone. Berlin, 1956. 

2. Rand, A. L. Canada Nat. Miis., Bull. 100, 1945. 

3. Bailey, V. NAF., 55, 1936. 

4. Cowan, I. McT., and C. J. Guiguct. British Columbia Provincial Mus., Handbook 
II, 1956. 

5. Kapitonov, V. I. ZZ., 39: 448-457, i960. 

6. Couch, L. K. The Murrclet, ii: 3-6, 1930. 

7. Barnes, C. T. Utah Mammals. Salt Lake City, Utah, 1927. 

8. Rjabov, N. I. ZZ., 27: 245-256, 1948. 


Cynomys leucurus Merriam 
PRAIRIE DOG 


This prairie dog is sexually active at t year (i). According to one account 
the mating season is from the end of March into April. It must be short, 
because the reduction in testis size is very abrupt in April (2). Another ac¬ 
count gives the end of April as the season of birth and the last week of 
January as the beginning of the mating season, which lasts for 2 or 3 weeks 
(3). The uteri have two cervices and, after copulation, a huge plug forms in 
them. There is a closure membrane across the vagina in the nonbreeding sea¬ 
son (1). The ovum is 90 /a in diameter (4). The gestation period is 28 to 
32 days. The litter size varies from 2 to 10, mode 5 and 6, and mean 
5.5 dr .2 (1). In October and November the scrotum becomes pigmented 
and by January the testes have descended (3). 

1. Stockard, A. H. Papers of Michigan Acad. Sci., Arts and Letters, 11: 471-479, 1929. 

2. Stockard, A. H. JM., to: 20C)-2I2, 1929. 

3. Smith, R. E. Univ. Kansas Mus. Nat. Hist., Misc. Publ. 16, 1958. 

4. Stockard, A. H. Papers of Michigan Acad. Sci., Arts and Letters, 22: 671-689, 1936. 
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Cynomys ludovicianus Ord 
PRAIRIE DOG 


Males and females of this species are anestrous from June to October. The 
females begin to experience heats in December, and the vaginal smears be¬ 
come cornified in late January and early February. The testes begin to grow 
in October; spermatozoa arc present in January. Mating is in late January or 
early February and the young are born early in March after a gestation of 
30 to 35 days (i). The reproductive tract is involuted from March to Octo¬ 
ber (2). The litter size varies from 2 to jo, mode 5, mean 5.0 =b .2 (3). In 
South Dakota 66 litters averaged 4.9 (4). In the London zoo, where births 
were registered from March to June, the average was 3.7 and the mode 
was 2 (5). 

According to another account the females are monestrous but the vaginal 
changes that accompany estrus are slow. The vulva is closed in the non- 
l)reeding season. It enlarges and becomes pigmented late in January and 
begins to diminish by March i. When it is possible to take vaginal smears 
they consist of nucleated epithelial cells with a few leucocytes. This stage 
lasts for 3 or 4 days. Then cornihed cells gradually appear; this stage of 
mixed cell types lasts tor from i to 3 days. The smear then changes rapidly 
to one with all cornified cells, but it is not the cheesy mass that characterizes 
the next stage, which soon appears and lasts for i to 2 days. Leucocytes follow 
and are present along with cornified cells for i to 2 days. Then the smear 
consists of nucleated epithelial cells and leucocytes, a condition that lasts 
until the next breeding season (6). 

In the ruptured follicle there are prominent ingrowths of theca interna 
and theca externa which are well vascularized. There is no hemorrhage into 
the cavity. At the same time the endometrium thickens and the number of 
glands increases, owing to mitoses in the surface epithelium which grows 
inward. The mature corpus luteum contains many cells that display an in¬ 
tense basophilia. Placental scars persist for a long time. Changes in light or 
in temperature did not modify the season of breeding (6). 

1. Anthony, A., and I). Foreman. Physiol. Zool., 24: 242-248, 1951. 

2. Anthony, A. J. Morphoh, 93: 331-3^0, 1953. 

3. Wade, O. JM., 9: I 49 “i 5 h> * 9 -^- 
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4. King, J. A. Univ. Michigan Contrib. Lab. Vert. Biol., 67, 1955. 

5. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

6. Foreman, D. AR., 142: 391-405, 1962. 


Cynomys gunnisoni Baird. The young of this prairie dog are born from 
mid-April to the end of the month (1) or into May (2). The litter size 
varies rather widely. Up to 8 young may be born at a time. One average of 
placental scars was 3.9 (3). An embryo count gave 4.8 per litter (i). 

C. mexicanus Merriam. A female with 3 embryos has been found in 
March (4). 

1. Aldous, S. E. JM., 16: 129-131, 1935. 

2. Holdenried, R., and H. B. Morlan. AMN., 55: 369-381, 1956. 

3. Longhurst, W. JM., 25: 24-36, 1944. 

4. Baker, R. H. Univ. Kansas Mus. Nat. Hist., Publ. 9: 125-335, 1956. 


Citellus beecheyi Richardson 
CALIFORNIA GROUND SQUIRREL 


The California ground squirrel is apparently polyestrous since in southern 
California it breeds at any time of the year. In northern California the breed¬ 
ing season is from February to mid-April. The testes decrease in size in 
May, and by June they are in the abdomen. I'hey are found to be enlarging 
again in mid-October and are in the scrotum by mid-November. Probably 
each female has but one litter a year. The number of embryos varies from 
4 to 15, and a very extensive series of counts gave a mean of 8.2 (i). Another 
gave a spread of 4 to ii, and 7.2 as the mean. In February the average litter 
size was 6.9, in March 7.3, in April 7.5, and in May 6.8. In the uplands birth 
is later than in the lowlands. The gestation period is probably 30 days (2). 
The young mature by the year following their birth and make up nearly 
half the breeding population (3). 

1. Evans, F. C., and R. Holdenried. JM., 24: 231-260, 1943. 

2. McCoy, G. W. United States Public Health Rpts., 27: 1068-1072, 1912. 

3. Fitch, H. S. AMN., 39: 513-596, 1948. 
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Citellus colutnbianus Ord 
COLUMBIAN GROUND SQUIRREL 


This ground squirrel, which inhabits an area in British Columbia, Al¬ 
berta, Washington, Idaho, and Montana, begins to breed about March 
15 to 20 (i). They mate soon after they emerge from hibernation. The young 
are born early in May at low altitudes and may be as much as a month later 
in higher elevations. One litter a year is usual (2). Heat lasts for 2 to 3 days 
if the female is unbred, and it returns in 14 to 15 days, continuing this pattern 
into May. Gestation lasts 23 to 24 days, usually the latter (3). The number of 
young varies from 2 to 7, with 2 to 5 usually, and an average of 3.5 (1). 
Another count gave an average of 5.8 embryos (4). 

1. Howell, A. H. NAF., 56, 1938. 

2. Manville, R. H. JM., 40: 26-44, U 59 * 

3. Shaw, W. T. JM., 6: 106-113, 1925. 

4. Couch, L. K. The Murrclct, 13: 25, 1932. 


Citellus leuctirus Merriam 
ANTELOPE SQUIRREL 


This squirrel breeds in early April. It may have a second litter in July (i). 
In Death Valley it breeds as early as the latter part of March, and young have 
been found on April 23 (2). The litter size is from 5 to 14, averaging 
about 9 (3). 

1. Bailey, V. NAF., 33, 1931. 

2. Grinncll, J. Proc. California Acad. Sci., Scr. 4, 23: 115-169, 1935 - 47 - 

3. Grinnell, J., and J. Dixon. California Commission of Horticulture Monthly Bull., 
7:597-708,1918. 


Citellus richardsoni Sabine 


This ground squirrel mates in mid-April (i) and the young are born in 
mid-May (2). One litter a year is the rule; its size varies from 2 to ii, with 
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a mode of 6 and 7. The gestation period is from 28 to 32 days (2), but a 
parturition following an observed mating gave 17 to 18 days if the female 
were not already pregnant (3). 

1. Seton, E. T. Life Histories of Northern Animals. New York, 1909. 

2. Howell, A. H. NAR, 56, 1938. 

3. Denniston, R. H. JM., 38: 414-416, 1957. 


Citelliis suslkus Guldcnstaedt 
SUSLIK 


This ground squirrel has one litter a year. The mating season is immedi- 
ately after hibernation and it lasts for 15 to 20 days (1). In the Lublin region 
heat occurs before mid-April and pregnancy lasts until May or June (2). 
The litter size is usually 4 to 7, but as many as t 2 may be born. The gesta¬ 
tion period lasts for 22 to 26 days (i). In Byelorussia 80 per cent of the ma¬ 
ture females participate in reproduction. They emerge from hibernation at 
the end of March and breed at once (3). 

1. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Znlkin. Die Saiigctiere in dcr 
Schutzwaidzone. Berlin, 1956. 

2. Surdacki, S. Acta Theriol., 2: 203-234, 1958. 

3. Petrovsky, Y. T. ZZ., 40; 736-748, 1961. 


Citdlus townsendii Bachman 


In the State of Washington this ground squirrel mates at the end of 
January and the breeding season extends over two months. The young are 
born from mid-February to the end of March. One litter is produced during 
the year, the gestation period lasts for at least 23 days. The litter size is tip 
to TO, with 4.75 as the average (1). A compilation of available data gave 4 to 
16 as the range of embryo counts, mode 8 and 10, mean 9.5 ±; .2. Fecundity 
probably varies from year to year. 


I. Svihla, A. The Murrelet, 20: 6-10, 1939, 
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Citellus tridecemlineatus Mitchill 
THIRTEEN-LINED GROUND SQUIRREL 


This common ground squirrel inhabits central North America. It is one 
of the small group of animals known to ovulate only after coitus, but, from 
their behavior in the field, others of this genus probably fall into this group. 
Owing to the difficulty of keeping it in good reproductive health in the 
laboratory there has been a certain amount of confusion in the record of 
this species, but the main points of interest are now clearly emerging. 

The ovaries begin to hypertrophy about January i, while the females are 
hibernating. Upon their emergence, about the third week in April, these 
organs are fully developed and the females are ready to reproduce. The ac¬ 
cessory organs follow the ovaries closely in their development. Older animals 
emerge in a more advanced state of reproductive activity than do younger 
ones. No effects upon the female have been observed when light, tempera¬ 
ture, or diet have been altered in, or before, hibernation. The state of hiberna¬ 
tion is said to be a prerequisite for reproduction in the female, though not 
in the male (i). Anestrum lasts from July to April (2). 

The unbred female experiences persistent heat lasting 2 to 4 weeks; these 
periods recur irregularly at intervals of 2 to 4 weeks. Ovulation does not 
occur in the absence of copulation, but with copulation it takes place after 
an interval of 8 to 12 hours (2). The act of copulation lasts for 10 minutes 
(3). The litter size is 5 to 13, usually 6 to 10 (4), and the period of gestation 
28 days (5). There is no postparturition heat (2). In the wild one litter a year 
is born. 

In Manitoba the females breed first at one year old. They probably have 
a second litter during the season. A hot, dry spring advances mating. Most 
of the young arc born late in May or early in June. Embryo counts vary 
from 4 to 12, with a mean of 8.1 ± .1 and a mode of 8 (6). 


HISTOLOGY OF THE FEMALE TRACT 

During anestrum the ovaries are inactive except that there is a good deal 
of follicular atresia (5). Some of the corpora lutea from the previous breeding 
season can be seen, but they are in a state of involution. When the females 
emerge from hibernation, the ovaries weigh 3 to 4 times their anestrous 
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weight. The diameter of mature follicles at the time of heat is about 0.7 mm. 
During the breeding season the germinal epithelium produces new ova at 
all times in the cycle. The follicular cavity develops as a split between the 
granulosa cells at one side of the follicle. The theca externa and interna 
cannot be distinguished until the follicle is highly cellular (7). 

The vulva enlarges considerably during heat. The vagina is small and 
is closed during anestrum. It enlarges in January and opens in February, 
remaining open throughout the breeding season, until May or June. It con¬ 
tinues large for some months following parturition (5). During anestrum the 
vaginal epithelium consists of a few layers of small epithelial cells; in pro- 
estrum their number increases. The smear in estriis consists of cornifled 
cells only, but in metestrum leucocytes and cornified and small cuboidal 
cells are found (8). 

During anestrum the uterine muscle is thin and inactive; there is a great 
growth in proestrum and during heat (2,5). The cells arc low columnar 
or cubical in anestrum and high columnar in heat (5). Glands are scanty 
and nonsecreting in anestrum, and their lumens are small or absent; in 
proestrum new glands appear by invagination of the epithelium (2). During 
heat they are coiled and are secreting (5). At ovulation and during metestrum 
the epithelial cells decrease in size, as they are actively secreting, while leu¬ 
cocytes appear in the stroma and make their way between the cells (2). 

The oviduct is ciliated, with cells 12 to 18 /x in height during anestrum. 
At the time of heat they have increased to 25 to 30 but again drop to 17 /x 
at t 8 to 24 hours postovulation, after which there is a slight increase to 
2T /X (2). 

The pituitary gland undergoes seasonal variations in weight and in cell 
types. Basophils are larger and more numerous during the breeding season, 
and the granules are also large and numerous. ThcvSe cells dedifferentiate 
to chromophobes during the summer. There arc no sex differences in cell 
population. Cjonadectomy increases the propf*rtion of basophils, but this 
effect is prevented or abolished by the injection of gonadic hormones (i, 9). 

The adrenal cortex, mainly the reticular zone, hypertrophies during the 
breeding season and also at other times when the gonads are stimulated by 
gonadotrophes (i). 


PHYSIOLOGY OF THE FEMALE TRACT 
Removal of the ovaries during pregnancy results in resorption of embryos 
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or in abortion. Injection of corpus luteum extracts prevents resorption (10). 
Removal of the uterus during the cycle has no effect upon the ovaries (ii). 
Gonadectomy during anestrum results in a slightly greater degree of atrophy 
of the accessory organs, so they must secrete a little hormone during this 
time. The ovaries respond to the injection of anterior pituitary extracts at 
any time of the year, and estrogens are effective upon the accessory organs 
of the ovaricctomized female at all times (r). 

71 ic anterior pituitary is high in gonadotrophes during the breeding sea¬ 
son, but they cannot be detected during anestrum. However, gonadectomy 
increases the potency whenever it is performed (i). 

Injection of 100 R.U. of estrogen twice a week for 12 weeks and then three 
times a week for 4 weeks induced metaplastic changes in the uterine cornua 
and glands and in the urethra (12). 


THE MALE 

The males emerge from hibernation about 2 weeks before the females; 
the testes at this time arc large and scrotal and already contain spermatozoa. 
By July 1 they have declined in size and have returned to the scrotum. Sper¬ 
matozoa arc no longer present, and the accessory organs have regressed (i). 
In the laboratory spermatozoa can be found in the adult testis by December; 
in younger animals they appear in January or February. If breeding males 
are kept at 4'' C. through the spring and summer, they do not undergo 
sexual retrogression (13). 

The pituitary of the male is high in gonadotrophic hormones during the 
breeding season, when spermatozoa are in the testis, and is extremely low 
during anestrum. Bilateral castration and low temperatures prevent the fall 
in potency. In prepuberal males the level is low until a few weeks before 
spermatozoa appear (13). 

Large doses of male urine, P.U., or P.M.S. injected into hypophysectomized 
males all cause testis enlargement and spermatogenesis. The dose of P.M.S. 
was 20 to 40 R.U. daily, of Antuitrin S (P.U.) it was 25 to 100 R.U. daily. 
The shortest time required to produce spermatozoa was 19 days, the opti¬ 
mum length of treatment 30 days (14). 

In the normal ancstrous male pituitary implants cause descent of the 
testes in the ancstrous period (15), but daily injections of 5 R.U. of Antuitrin 
S (P.U.) for 12 to 16 days caused enlargement of the testes, spermatogenesis, 
and development of the accessory organs (16). Spermatogenesis in the ground 
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squirrel is more readily induced by gonadotrophes than it is in any other 
animal known. Gonadotrophes in doses as low as 2.5 R.U. daily caused some 
stimulation, even early in anestrum. Bull testis extract at the rate of 16 to 12.5 
B.U. daily and male urine at the rate of 6 to 15 B.U. had similar effects, in¬ 
ducing spermatogenesis, but not until late November. The amount of 
androsterone needed was 1.5 mg. daily (17). 

A gonad-stimulating substance is present in the blood serum of the male 
during the breeding season (18). 

The injection of estrogens inhibits the growth of the testes; in castrates 
it causes growth of connective tissue and muscle in the accessory organs and 
cornification of the glandular tissue (18). 

The anatomy of the male accessories has been studied in detail. The 
seminal vesicles are large and open separately into the prostatic urethra. The 
bulbar gland is enormous. The urethra is very broad and muscular with 
about 13 valvelike folds. The glans penis is broad with a flattened end. It 
bears hooks which are directed backwards from the os penis and which per¬ 
forate the epithelium of the glans (19). 

1. Moore, C. R., G. F. Simmons, L, J. Wells, M. Zalcsky, and W. O. Nelson. AR., 60: 
279-289, 1934. 

2. Foster, M. A. AJA., 54; 487-511, 1934. 

3. Wade, O. JM., 8: 269-276, 1927. 

4. Howell, A. H. NAR, 56: 1938. 

5. Johnson, G. E., M. A. Foster, and R. M. Coco. Trans. Kansas Acad. Sci,, 36: 
250-269, 1933. 

6. Criddlc, S. Canadian Field Nat., 53: 1-6, 1939. 

7. Pliske, E. C. J. Morphol., 83: 263-287, 1938. 

8. Coco, R. M. Proc. Louisiana Acad. Sci., 6: 83-84, 1942. 

9. Hoffman, R. A., and M. X. Znrrow. AR., 131: 727-736, 1958. 

10. Johnson, G. E., and J, S. Challans. E., 16: 278-284, 1932. 

11. Drips, D. AJ.A., 25: 117-184, 1919. 

12. Wells, L. J., and M. D. Overholscr. AR., 78: 43-57, 1940. 

13. Wells, L. J. R., 22: 588-594, 1938. 

14. Wells, L. J., and M. D. Ovcriiolscr. AR., 72: 231-247, 1938. 

15. Johnson, G. E., E. L. Chinn, M. A. Foster, and R. xM. Coco. E., 18; 86-96, 1934. 

16. Baker, B. L., and G. E. Johnson. F.., 20: 219-223, 1936. 

17. Wells, L. J., and C. R. Moore. AR., 66: iSr-200, 1936. 

18. Wells, L. J. AR., 62: 409-447, 1935. 

19. Mossman, H. W., L. W. Lawlah, and J. A. Bradley. AJA., 51: 89-155, 1932. 
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Citelhis undulatus Pallas 
ARCTIC SUSLIK 


This circumpolar species breeds in the early spring (i) and the young 
are born before mid-June (2) or a little later. In Arctic Alaska the season 
is very short and all are breeding in the last two weeks of May. The testes 
are developing in May and are abdominal in late June (3), when they de¬ 
crease in size (4). Spermatozoa are present by May 20 (3). The gestation 
period is about 25 days and the litter size averages 7.8 (5). Another account 
gives a litter size from 5 to 12, mode 6, and mean 7.5 (6). At the height of 
the breeding season the seminiferous tubules measure 150 /a in diameter (3). 

1. Rausch, R. The Murrclel, 34: 18-26, 1953. 

2. Rantl, A. L. Canada Nat. Mus., Hull. 99, 1945. 

3. Mitchell, O. G. |M., 40; 45-53, 1959. 

4. Hce, J. W., and \i. R. Hall. Univ. Kansas Mus. Nat. Hist., Misc. Publ. 8, 1956. 

5. Mayer, W. V., and IL T. Roche. Growth, 18: 53-69, 1954. 

6. Maepherson, A. H., and T. H. Manning. Canada Nat. Mus., Bull. 161, 1959. 

Citellus armatiis Kennicott. In Yellowstone Park the young are born dur¬ 
ing the second half of May (i). No pregnant females were found in July 
or August and the males had no spermatozoa in their testes (2). 

C. bcldingi Merriam. One litter is born each year, from April 10 to 20 (3). 
In the subspecies, C. b. oregonus, which lives at high altitudes, the young 
are born in June (4), The litter size varies from 4 to 12 with 8 as the 
average (3). 

C. citellus L. This suslik has a gestation period of 25 days (5). 

C. cversmanni Brandt. The young arc born as the females emerge from 
hibernation, i.e., about the second week of May (6). In the Altai Mountains 
there are indications of a fairly long breeding season but it is over by 
July (7). 

C. franl^lini Sabine. This species breeds in the last week of April and the 
young arc born early in July. One litter a year is the rule. The number of 
embryos varies from 4 to 10, with 8 as the mode and mean (8). According 
to another account the time of birth is May and June (4). 

C. fidviis Lichtenstein. This suslik mates immediately after it emerges from 
hibernation. The gestation period is about i month and the litter size varies 
from 4 to 13, with 5 to 9 as the most frequent range and 6 the mean (9). 
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C. harrisii Audubon and Bachman. This species of Arizona and New 
Mexico mates from mid-January to mid-March. Four records each gave 6 
embryos (4). 

C. interpres Merriam. Lactating females have been found in March (10). 
C. lateralis Say. The mantled ground squirrel has one short annual breed¬ 
ing season with a mating period of about 4 weeks (n). This begins in 
April (12) and the young are born in June or July (3). Embryo counts have 
varied from 2 to 8, mode 5, mean 5.5 zt .2. 

C. major Pallas. This suslik mates immediately on emerging from hiber¬ 
nation (9). 

C. mexicaniis Erxleben. In Texas this species breeds at the end of March. 
The testes descend in March and April but begin to reascend by the be¬ 
ginning of May. One female with 19 embryos has been found (13), and 
another with 5 in June (10). 

C. mohavensts Merriam. This species breeds from early to mid-March. 
One female was found with 6 embryos (3). 

C. nelsoni Merriam. In California the young arc born in the period of 
green feed, i.e., earlier than April 16. There is no evidence of another litter in 
the dry season (14). 

C. pygmaetis Pallas. This suslik comes in heat only in the sprijig soon 
after hibernation. In Stavropol matings arc over by May 15. From March 
to May the ascorbic acid content of the ovary averages 61.5 ing. per cent 
(ranges 20 to 98 mg.). In June and July it averages 141.2 mg. per cent (range 
95 to 205) (15). 

C. relictus Kashkarov. Some females reproduce at one year old. The breed¬ 
ing season is a long one (16). 

C. spilosoma Brandt. This ground squirrel of western North America has 
two litters a year, the second one about August (17). The litter size varies 
from 5 to 8, with 6 and 7 the mode. Embryo counts in June and July have 
given 4.6 as the mean and 4 the mode (10). 

C. tereticaiidus Baird. The young are born in March or April but the 
females may have two litters a year (3). The litter size varies from 3 to 
12. According to another account there is only one litter (t8). 

C. vane gat us Erxleben. The Mexican rock squirrel mates from May to 
June and again in August or September. It apparently has two litters a 
year. The litter size is from 5 to 7 (19). In New Mexico a female with 5 
embryos has been found in April (20). 

C. washtngtoni Howell. This species mates early in February. The litter 
size varies from 5 to it, with 8.0 the average (21). 
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Tarnias striatus L. 
EASTERN CHIPMUNK 


The chipmunk is probably polyestrous; it breeds from March onward, and 
young born late in the previous season may mate and produce young in 
July and August. The number of young is 3 to 5, and the gestation period, 
31 days (1). In some districts the litter size may be higher, as an average 
of 5.02 has been reported (2). Puberty is reached at the age of 2^4 to 3 
months (3), but in the area of Wisconsin around Madison females born 
in April or May often breed in July while their male litter mates do not 
mature until the following March or April (4). The vagina is swollen in 
March. A female that killed her young had a new heat about a week later. 
The testes are descended by the second week of February (5). In New York 
they remain large until early August, then gradually reduce and re-enter 
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the body cavity by the end of September or October (6). In Wisconsin 
the testes arc already abdominal by late July (7). 

1. H.imilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943* 

2. Condrin, J. M. JM., 17: 231-235, 1936. 

3. Burt, W. H. Univ. Michigan, Misc. Publ. 45, 1940. 

4. Mossman, H. W., R. A. EIofTman, and C. M. Kirkpatrick. AJA., 97: 257--301, I 955 « 

5. Allen, E. G. New York State Mus., Bull. 314, 1938. 

6. Verger, R. W. AMN., 53: 312-323, 1955. 

7. Panuska, J. A., and N. J. Wade. JM., 38: 192-196, 1957. 


Eutamias amoenns Allen 
CHIPMUNK 


This western chipmunk has one short annual breeding season and the 
young reproduce in the season following that of their birth. The mating 
period, which lasts about 4 weeks (i), is in April; the young are born in 
late May or early ]une. In one season 84 per cent of the adult females were 
pregnant or lactating (2). Embryo counts have ranged from 4 to 8. One 
record gave an average of 5.8 (2), another 5.0 (i). A male with spermatozoa 
was found in August (3). 

1. Tevis, L, AMN., 53; 71-78, 1955. 

2. Broadbooks, H. E. Univ. Michigan Mus. Zook, Misc. Publ. 103: 5-42, 1958. 

3. Negus, N. C., and J. S. Findley. JM., 40: 371-381, 1959. 


Eutamias minimus Bachman 
LITTLE NORTHERN CHIPMUNK 


This chipmunk has its young before mid-June (i). No sexual activity 
was found in July or August (2). However, if the young arc killed when 
only a few days old the mother mates again and a second litter may be born 
in late June. In captivity they may have 3 litters in the season, the last late 
in September (3). The litter size varies from 3 to 7, with 5 as the mode 
and a mean of 5.4 ±: .14 (3, 4). 

I. Hall, E. R. Mammals of Nevada. Berkeley, Calif., 1946. 
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2. Negus, N. C., and J. S. Findley. JM., 40: 371-381, 1959. 

3. Griddle, S. Canadian Field Nat., 57: 81-86, 1943. 

4. Anderson, S. Univ. Kansas Mus. Nat. Hist, Publ. 9: 405-414, 1959. 


Eutamias sibiricus Laxmann 


This species breeds early in the year, in late April or early May, at the 
time of emergence from hibernation (i). The young are born at the end 
of May or early in June (2). The gestation period is from 35 to 40 days and 
the number of young varies from 3 to 12, with 4 or 5 as the usual number (1). 
The mature graafian follicles measure 270 to 340 /x and the ovum 71 to 88 fi 
in diameter within the vitellus and zona pellucida. Few polyovular follicles 
are to be found (3). 

1. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schiitzwaldzone. Berlin, 1956. 

2. Suigirevskaya, E. M. ZZ., 41: 1395-1401, 1962. 

3. Kang, Y. S. Univ. Seoul Coll. Theseon Sci. Nat, 4: 169-176, 1956. 


Eutamias bullcri Allen. This Mexican species has been found lactating 
in late July and early August (1). 

E. cincricollis Allen. This chipmunk probably has one litter a year (2). 
The young, 3 to 5 in number, are born in June and July (3). 

E. dorsalis Baird. This species has two litters a year (2). Birth of young, 
from 2 to 8, has been recorded in July (3) and lactating females in early 
April (1) and June (4). 

£. merriami Allen. The young are born in May or early June (3). 

£. quadrimacidatus Gray. This species has one short annual breeding 
season; the young reproduce in the season following that of their birth. 
The mating period lasts about 4 weeks (5), and the young are born in 
May after a gestation lasting 31 days (6). 

E. quadrivattus Say. In New Mexico this chipmunk breeds early; lactating 
females have been caught in April. At this time the testes are large and 
in the scrotum (7). In favored districts two litters a year may be produced, 
with the first mating in April. From 2 to 6 young at a time are usual (2). 

E. speciosiis Merriam. This chipmunk has one short annual breeding 
season with a mating period that lasts about 4 weeks. The young repro¬ 
duce in the season following their birth. Four and 5 embryos have been 
reported (5). 
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E. townsendii Bachman. This species has one short annual breeding season 
lasting about 4 weeks (5). It occurs in March and April and the young are 
born in May or June (7). Embryo counts from 3 to 6 have been recorded, 
with 5 the usual. The young breed in the season following their birth (5). 

E, umbrinus Allen. Lactaiing females have been found in July. In one 
of these there were 7 placental scars (8). 

1. Baker, R. H. Univ. Kansas Mus. Nat. Hist., Publ. 9: 125-335, 1956. 

2. Bailey, V. NAF., 53: 1931. 

3. Mearns, E. A. United States Nat. Mus., Bull. 56, 1907. 

4. Rand, A. L. Canada Nat. Mus., Bull. 99, 1945. 

5. Tevis, L. AMN., 53: 71-78, 1955. 

6. Ross, R. C. JM., II: 76-78, 1930. 

7. Bailey, V. NAF., 55: 1936. 

8. Negus, N. C., and }. S. Findley. JM., 40: 371-381, 1959. 


PETAURISTINAE 

Petaurista 

FLYING SQUIRREL 


Petaurista magnificus Hodgson. This Indian squirrel breeds in the rainy 
season and has a single young (1). 

P. petaurista Pallas. This squirrel appears to breed all the year. A single 
young is the rule (2). 

P, volans L. The Russian flying squirrel has one or two litters, each of 2 
to 4 young, in summer (3). 

1. Blanford, W. T. The Fauna of British India. Mammals. London, 1888-91. 

2. Banks, E. f. Malay Br. Royal Asiatic Soc., 9(:?): 1-130, iQ3i- 

3. Heptner, W. G., L. G. Morosowa-Tiirowa, and W. I. Zalkin. Die Saugeticrc in der 
Schutzwaldzonc. Berlin, 1956. 


Glaucorriys sahrinus Shaw 
FLYING SQUIRREL 


This flying squirrel probably has two litters a year. The first breeding 
season is in late winter and the young are born late in March or to early 
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May. The second season is in midsummer (1). In the northern part of its 
range one litter a year, born late in May or early in June, is usual (2). The 
gestation period is one month and 3 to 6 young, usually 4, is the rule (3). 

1. Hamilton, Jr., W. J. Mammals of Eastern United States. Ithaca, N.Y., 1943. 

2. Cowan, I. McT. JM., 17: 58-60, 1936. 

3. Rand, A. L. Canada Nat. Mus., Bull. 100, 1945. 


Glattcomys volans L. 
FLYING SQUIRREL 


The North American flying squirrel may breed several times a year, 
probably usually twice. Mating begins in late February and early March, 
and it has been observed again in July. The testes descend in late January 
or early February and are retracted in September. The vagina is closed by 
a membrane which opens during heat. At this time the vulva swells to five 
times its former size, and the vaginal epithelium cornifies. In an isolated 
female the vulva remained in a swollen state for 5 days, subsided for ii days, 
and then again became swollen. She did not have another heat until the 
following year. The period of gestation is 40 days, and the litter size i to 4, 
usually 3 to 4, with a mean of 3.1 (i). A compilation of available litter sizes 
gave a mean of 3.4 ±: .1. There seems to be considerable embryo wastage (2). 

The male genital system is large in proportion to the body size. The testes 
are very large and thick, the seminal vesicles and bulbar glands are large, 
the prostate and Cowper’s glands arc very large. The penis has a very long, 
saw-edged baculum 20 mm. in length (3). 

1. Sollherger, D. E. JM., 24: 163-173, 1943. 

2. Uhlig, H. G. JM,, 37: 295, 1956. 

3. Mossman, H. W., L. W. Lawlah, and J. A. Bradley. AJA., 51: 89-155, 1932. 


lomys horsfieldi Waterhouse 


Records of a female with i embryo (i) and of another with 2 (2) have 
been found. 

1. Davis, D. D. Fieldiana Zool., 39: Ii 9 -i 47 » ^ 95 ^- 

2. Harrison, J. L., and B. L. Lim. Bull. Raffles Mus., 23: 300-309, 1950. 
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GEOMYIDAE 

GEOMYINAE 
Geomys bursarius Shaw 
POCKET GOPHER 

This pocket gopher of North America probably has two litters a year with 
a breeding season that produces young from February to August. Embryos 
have first been seen in females collected on February 14. Corpus-luteum 
counts show that the season is at its height from February to July. It then 
falls off to October, and no corpora lutea are present from November to 
January. There is no relationship between the position of the testes and 
the breeding season, but the rate of spermatogenesis is low from July to 
October (i). In northeast Colorado one litter a year is usual and most 
females are pregnant in April and May, when the young arc born. In May 
86 per cent were either pregnant or lactating. In July 3 per cent of females 
were pregnant, and in August 5 per cent (2). 

The number of young in nest varies from i to 4, with a mean of 2.7. 
Embryo counts have been from i to 5, with 2.7 average. Placental scars 
averaged 2.5 (i). Another compilation gave i to 6 as the litter range with 
a mean of 3.8 and a mode of 4 (3). In the Colorado series the litter size 
was I to 8, with 68 per cent carrying 3 or 4 embryos. Seven per cent of the 
females had reabsorbing embryos (2). 

Puberty is reached two months after the end of the reproductive season, 
i.e., at age 3 months (i). 

The oviduct is somewhat peculiar; the isthmus is very sharply and regu¬ 
larly coiled, forming a conical mass with its apex at the junction with the 
ampulla. It is very muscular. The ovaries are not encapsulated. The uterine 
horns are relatively short and thick, and are fused externally for 1.5 cm. 
atove the two cervices (4). The theca interna is very thick, and the type 
of cells suggests that it is an endocrine gland. It reaches its greatest develop- 
ment during proestrum and heat. After ovulation it rapidly degenerates 
and takes no part in the formation of the corpus luteum, though it docs 
fonn interstitial cells. It seems to be the only .source of the latter (5). 

e males produce spermatozoa at approximately 8 months old and 
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they come into breeding condition about 2 months before the females. The 
testes enlarge rapidly in December and January; most adult males are fertile 
from January to June. Regression sets in during August and there are no 
spermatozoa from that month to November. The seminal vesicles and epi¬ 
didymides are largest in March (2). In castrated and normal males the 
injection of ovarian extracts (relaxin) causes the symphysis pubis to be 
reabsorbed. Testis grafts into ovaricctomized females prevent resorption 
of the calcuim in the pubic bones (6). 

1. Wood, J. E. JM., 30: 36-44, 1949. 

2. Vaughan, T. A. JM., 43: 1-13, 1962. 

3. Scheffer, T. H. Kansas Agric. Exp. Sta., Bull. 152, 1908. 

4. Mossman, H. W., and F. L. Hisaw. AJA., 66: 367-391, 1940. 

5. Mossman, H. W. AJA., 61: 289-319, 1937. 

6. Hisaw, F. L. J. Exp. Zool., 42: 411-441, 1925. 


Geomys pinetis Rafinesque 


In north central Florida the females of this species breed all the year but 
there are spring and summer peaks in activity. Puberty is reached at about 
6 months. Of 19 pregnant females 9 had i and 10 had 2 embryos. Combined 
data gave a mean of 1.5 ± .1 embryos. Fetal resorption accounts for at least 
10 per cent of embryos. Placental scars averaged 1.73 ±: .09. There are at 
least 2 litters a year (i). 

During estrus, pregnancy, and just after parturition the vulva is open 
or lightly sealed with mucus. Copulation plugs may be found in March and 
April. The corpora lutea are small reddish and yellowish swellings. At the 
time of heat the uterus is noticeably turgid and swollen and is conspicu¬ 
ously vascularized. Placental .scars persist for some time and overlap, as 
some females may be found with two sets. Most males are in breeding con¬ 
dition in January through June. All adult males are fertile from February 
through September and some in other months of the year (i). 

I. Wing, E. S. JM., 41: 35-43, i960. 

Geomys arenarius Merriam. This species probably has a long breeding 
season. Females pregnant in June and August have contained 3 or 4 
embryos (i). 

C- tuza Barton. This species has one litter a year, with 3 to 4 young (2), 
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The sperm head measures 4.5 /a (range 4.0 to 5.0) X 2.2 ^ (1.5 to 2.5); the 
midpiece width is i.i /a (i.o to 1.2); and the tail length is 106.0 /a (95*0 to 
ITO.O) (3). 

1. Jones, J. K., and M. R. Lee. Southwestern Nat., 7: 77-78, 1962. 

2. Hamilton, Jr., W. J. Tlie Mammals of Eastern United States. Ithaca, N.Y., 1943 - 

3. Hirth, H. F. J. Morphol., 106: 77-83, i960. 


Thomomys bottae Eydoux and Gervais 
POCKET GOPHER 


In California this pocket gopher breeds throughout the year, but from 
August to January few pregnant females are found. Probably each female 
has 2 litters a year (i), and a post-partum heat is probable as a nursing 
female with embryos has been recorded (2). By November young females 
begin to show enlargement of their genital tracts and in January and Febru¬ 
ary the vaginas of many of them are open. One litter a year seems to be 
usual; occasionally there are 2 (3). In Mexico embryos have been found in 
January, July, and December (4). 

A series of 220 females gave an embryo distribution from 3 to 13, with 
6 as the mode and 6.2 .i the average (5). The embryo count increases 
with the size of the female, with a mean of 4.4 it .6 at 80 to 90 g., and 
6.0 ±: .3 at 140 to 159 g. The embryo count tends to decrease throughout 
pregnancy. It is 5.8 =t .2 for small ones, 5.2 ±: .3 for medium ones, and 
5.4 di .4 for large ones (i). One account gives about 30 days for the gesta¬ 
tion period (3) and another, 19 days in two cases following observed copula¬ 
tions (6). 

At all seasons the testis weight is very variable but it tends to be greatest 
in November and least from June to October. Spermatogenesis occurs in 
waves that seem unconnected with the time of year, and it never ceases 
completely. The accessory organs and interstitial cells also exhibit cycles. In 
the castrate male 0.5 mg. of testosterone propionate restores the accessory 
organs to functional condition (7). A copulation plug follows normal coitus 
in the wild gopher (3). 

1. Miller, M. A. JM., 27: 335-358, 1946. 

2. Burt, W. H. The Murrelet, 14: 42, 1933. 

3. Howard, W. E., and H. E. Childs, Jr. Hilgardia, 29: 277-358, 1959. 
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4. Baker, R. H. Univ. Kansas Mus. Nat. Hist, Publ. 9: 125-335, 1956. 

5. Bond, R. M. JM., 27: 172-174, 1946. 

6. Schramm, P. JM., 42: 167-170, 1961. 

7. Gunther, W. C. AMN., 55: 1-40, 1956. 


Thomomys talpoides Richardson 
POCKET GOPHER 

The breeding season is in February and March (i), and the females may 
be polyestrous (2). The vulva swells during this season and the closure 
membrane opens. In Montana this occurs from mid-April to mid-May (3). 
The young are born in May or June (3), but at least two litters may be 
produced in quick succession during the year (4). There may be some vari¬ 
ation, as some investigators give one litter a year as the rule (5). In 
Colorado the females show rapid enlargement of the uterus at 6 to 7 months 
when a pelvic gap is formed. The uterine horns reach their maximum size 
in May. The first pregnant females are found late in March and the last in 
June. The first parturient females are found in mid-April (6). 

In one scries the litter size, embryos, or placental scars numbered 4.4 zt .1 
(33), but the number born alive is usually much smaller than the embryo 
count (4). Another count gave 2.9 ±: .3 (5). Placental scars remain in 
evidence for about 2 months after parturition (3). In the Colorado series 
the embryo counts varied markedly with the locality. The range was from 
6.4 ±: .iS at Livermore to 4.4 ± .21 at Grand Mesa. In the Livermore series 
4 per cent of embryos were rcsorbing (6). 

In the nonbreeding season the testes are abdominal. As they enlarge 
with the onset of the season they descend into the inguinal canal, but only 
the caudal epididymis is in the scrotum. The epididymis is greatly enlarged 
at this time; the other accessory organs parallel the testes in their develop¬ 
ment. The latter arc largest in March and April, and motile spermatozoa 
may be found from early March on. In northwest Montana they are present 
2 weeks to a month earlier than in the Bozeman district (3). Retrogression 
begins in May (1). In the young males the testes increase rapidly in Novem¬ 
ber and December. Just before the commencement of the breeding season 
the testes of both young and adults increase rapidly and before the increase 
in the accessory organs. Following the breeding season the testes decrease 
in size and become soft, flabby, and dark colored (6). 
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1. Scheffer, T. H. JM., 19: 220-234, 1938. 

2. Bailey, V. NAR, 55: 1936. 

3. Tryon, C. A. Montana Agric. Exp. Sta., Bull. 448, 1947. 

4. Wight, H. M. JM., II : 40-48, 1930. 

5. Criddlc, S. JM., ii: 265-280, 1930, 

6. Hanson, R. M. JM., 41: 323-335, i960. 

Thomomys bulbivorus Richardson. This gopher breeds from March to 
July and has one litter a year of 5 to 9 young (i). One embryo count gave 
a mean of 4.2 (2). 

T. monticola Allen. This gopher is polyestrous throughout the spring 
and summer (3). 

T. townsendii Bachman. This species is polyestrous through the spring 
and summer. The litter size varies from 3 to 10, with 6 or 7 usually and 
6.8 it .4 the mean (4). 

T. umbrinus Richardson. One January record gave a female with 2 em¬ 
bryos (5). There is also another record of the same number (6). 

1. Wight, H. M. JM., ii: 40-48, 1930. 

2. Scheffer, T. H. JM., 19: 220-234, 1938 * 

3. Bailey, V. NAF., 55, 1936. 

4. Horn, E. E. JM., 4: 37-39, 1923. 

5. Baker, R. H. Univ. Kansas Mus. Nat. Hist., Publ. 9: 125-335, 195 ^' 

6. Davis, W. B. JM., 25: 370-403, 1944. 


Cratogeomys 

POCKET GOPHER 


Cratogeomys castanops Baird. In Mexico this species has two distinct 
breeding seasons, from December to March and from June to August. Lacta¬ 
tion has been observed in January, June, and July. The embryo count is i to 
3, mean 1.8 (i). 

C. fulvescens Merriam. This gopher probably has one litter a year, born 
in May or June (2). 

C. merriami Thomas. This gopher has been reported from Mexico with 
2 embryos in August and with half-grown young in the same month (2). 

C. perotensis Merriam. This species probably has one litter a year, born 
in May or June (2). 
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1. Baker, R. H. Univ. Kansas Mus. Nat Hist, Publ. 9: 125-335, ^ 95 ^- 

2. Davis, W. B. JM., 25: 370-403, 1944. 


Heterogeomys hispidus Le Conte 
POCKET GOPHER 


This species probably has an extended season, and the females breed in 
their first year of life. In one instance 2 embryos were recorded (i). 

I. Davis, W. B. JM., 25: 370-403, 1944. 


HETEROMYIDAE 

PEROGNATHINAE 
Perognathus lordi Gray 
POCKET MOUSE 


Pregnant females have been found mostly in July, a few in May, June, 
and August. They do not appear to be pregnant in the other months. The 
gestation period probably lies between 21 and 28 days and there may be two 
pregnancies a year. The litter size, according to embryo counts, is from 
2 to 8, with a mode of 5 and a mean of 5.2 zb .1 (i). 

I. Scheffer, T. H. United States Dept, Agric., Tech. Bull. 608, 1938. 

Perognathiis baileyi Merriam. This pocket mouse of southwestern North 
America breeds in the spring and summer, from April to August. The 
number pregnant decreases in June and early July but is higher in August. 
The modal embryo number is 4 (i). 

P. jasciatus Wied. This species breeds in the spring and summer (2), and 
probably has one litter a year (3). The 4 to 6 young are born after a gesta¬ 
tion of about 4 weeks (4). 

P. flavescens Merriam. Three records each of 4 embryos have been made 
in July and August (3). 



250 


MAMMALIAN REPRODUCTION 


P, flavus Baird. This species is probably polyestrous (5), and in New 
Mexico pregnant females have been found from February to October, with 
most from April to June (6). Three to 6 young are born as a rule (5). 

P, jormosus Merriam. In Utah this mouse has a restricted season from 
early April, or perhaps sooner, to early July, when atrophy of the testes and 
epididymides begins. Some females may have two litters in the season. 
The litter size is about 5 (7). In Death Valley 2 pregnant females, each with 

3 embryos, have been taken in April (8). 

P, hispid us Baird. This species has several litters of 4 to 7 young in the 
season (4). 

P, longtmembris Coues. In Utah this mouse has a restricted season from 
early April or sooner to early July, when atrophy of the testes and epididy¬ 
mides sets in. Some females may have 2 litters in the season, each with 
about 5 young (7). 

P. Tuerriamt Allen. There is a June record with 4 embryos (9). 

P. nelsont Merriam. Pregnancies have been recorded from March to July. 
Embryo numbers have varied from 2 to 5, mean 2.8 (9). 

P. parvus Peale, This mouse is probably polyestrous (10) and breeds from 
early May to August (ti). The number of young varies Irom 3 to (S, usually 

4 or 5, mean 5.1 zh ,2 (11), or 5.2 (12). 

P. penicillatus Woodhouse. This mouse breeds in the spring and summer, 
from May to September. The breeding intensity is less in June and early 
July but it recovers in August. The embryo count is from 2 to 4, mean 

3-4 ( 0 * 

1. Reynolds, H. G., and H. S. Haskell. JM., 30: 150-156, 194Q. 

2. Warren, E. R. The Mammals of Colorado. Stillwater, ()kla., 1942. 

3. Bailey, V. NAF., 40, 1926. 

4. Hall, E. R., and K, R. Kelson. The Mammals of North America. New York, 1959. 

5. Bailey, V. NAF., 5^, 1931. 

6. Holdcnried, R., and H. B. Morlan. AMN., 55: 369-381, 1956. 

7- Duke, K. L. JM., 38: 207-210, 1957. 

8. Grinneil, J. Pok. C^alifornia Acad. Sci., Ser. 4, 23: 115—169, I935~47. 

9- Baker, R. H. Univ. Kansas Mus. Nat. Hist., Piibl. 9: 125-335, 1956- 

10. Dice, L. R. JM., i: 10-22, 1919. 

11. SchefTer, T. FI. JM., ii: 466—469, 1929. 

t2. SchefTer. T. H. The Murrclct, 14; 51-54, 1933. 
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Microdipodops 

PYGMY KANGAROO MOUSE 


Microdipodops megacephalus Merriam. This mouse is probably poly- 
estrous, at least until September, but most young are born in May and June 
(i). The number of embryos varies from i to 7, mean 3.9, and mode 4 (2). 

M. pallidus Merriam. This mouse has from i to 6 embryos to a litter, 
with mean 3.9, and mode 4 (2). 

1. Hall, E. R., and J. M. Linsdale. JM., 10: 298-305, 1929. 

2. Hall, E. R., and K. R. Kelson. The Mammals of North America. New York, 1959. 


DIPODOMYINAE 
Dipodomys heermannii Le Conte 
KANGAROO RAT 


This rat of western North America has a prolonged season. The females 
breed at between 30 and 40 g. In the males the testes are abdominal until 
50 g. weight is reached. The rats are probably less than 2 months old at 
this time and thus may produce at least 2 litters during the year in which 
they are born. The season extends from March to October but its intensity 
is low from August on. The vagina is closed during the nonbreeding season. 
At the time of heat it opens and the area surrounding the clitoris swells. 
The testes are within the abdomen in November and December, but they 
enlarge and descend in January or February (i). 

The litter size is usually 3, and an average of 2.6 has been found (i). 
Another series gave 2.65 as the mean, with larger litters, 3.1, in spring, 
compared with 2.1 in the rest of the year (2, 3). 

1. Fitch, H. S. JM., 29: 5-35, 1948. 

2. Dale, F. H. AMN., 22: 703-731, 1939. 

3. Stewart, G. R., and A. I. Rocst. JM., 41: 126-129, 1960. 
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Dipodomys merriami Mearns 
KANGAROO RAT 


This species is polyestrous (i), breeding in the spring and fall (2). The 
early-born young probably reproduce in the year of their birth (3). At the 
time of heat the vulva swells and a bloody mucous discharge often appears. 
It remains open for 6 (3 to 11) days and then rapidly closes. These cycles 
recur every 25 (13 to 45) days. The gestation period lies between 17 and 23 
days (4). The litter size varies from 2 to 4, averaging 3.1 (5). 

The testes become scrotal and much enlarged in February and remain so 
until the end of September, but some males with scrotal testes may be found 
at any time of the year. Subadult males, probably born in March or April, 
have scrotal testes in July and August. The pregnancy peaks are in May and 
September; there are no pregnancies in winter. In a large series the embryo 
count averaged 2.02 {n = 133, range i to 3). There was not much seasonal 
difl[erence (6). 

1. Bailey, V. NAF., 53, 1956. 

2. Duke, K. L. JM., 25: 155-160, 1944. 

3. Hoffmeister, D. F, AMN., 55: 257-288, 1956. 

4. Chew, R. M. JM., 39; 597-598, 1958. 

5. Alcorn, J. R. JM., 22; 88-89, ^94i- 

6. Reynolds, H. G. JM., 48-58, i960. 


Dipodomys ordii Woodhouse 
KANGAROO RAT 


In central Utah this rat breeds from early January to March, has an 
anestrous period from late June until late August, and then breeds again 
from early September through October, when another anestrous period 
follows. In Nevada pregnancies have been found in May and June (1). 
Ovulation is spontaneous (2). Early-born young reproduce later in the 
year (3). The litter size varies from 2 to 4, mean 3, with birth after a 
gestation of 29 to 30 days (4). Another count puts the embryo number at 
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3.6, with 2 to 5 as the range (5). In New Mexico 2^ was the average embryo 
count, and the main breeding season was from late February to early June, 
with April i the modal date for births (6); but pregnancies have been re¬ 
corded for every month except December. There is a second peak of births 
in September (7). 

In proestrum the vulva swells and it may remain enlarged for long 
periods, but ovulation is followed by rapid involution. The epithelium of 
the clitorine urethra is greatly thickened during anestrum. It is thin and 
atrophic in the periods of greatest ovarian activity. Ovariectomy causes in¬ 
volution of the vulva and thickening of the clitorine epithelium. Progesterone 
inhibits the effects of estrogens when they are given (8). 

1. Duke, K. L. JM., 25: 155-160, 1944. 

2. PfeifTer, F. W. JM., 37: 449-450, 1956. 

3. McCulloch, C. Y., and J. M. Inglis. JM., 42: 337-344, 1961. 

4. Day, R. N., H. J. Egoscue, and A. M. Woodbury. Science, 124: 485-486, 1956. 

5. Hoffmeister, D. F. AMN., 55: 257-288, 1956. 

6. Johnston, R. F. Southwest Nat., i: 190-193, 1956. 

7. Holdcnricd, R., and H. B. Morlan. AMN., 55: 369-381,1956. 

8. Pfeiffer, E. W. JM., 41: 43-48, i960. 


Dipodomys spectahilis Merriam 
KANGAROO RAT 


In New Mexico this rat breeds from December into May, with most 
pregnancies in March and weaning of young by August (i, 2). The first 
voting of the season are born in January and up to 3 litters a \ear may be 
produced (2). A copulation plug is formed at mating. The litter size 
varies from 1 to 3 or 4, mean i.S it .06, mode 2 (3). Another account 
gave a litter of 2.75 as the average (2). 


1. Holdcnricd, R., and H. B. Morlan. AMN., 55: 369-381, 1956. 

2. Holdenricil, R. {M., 38: 330-350, i 957 * 

3. Vorhie.s, C. T., and W. P. Taylor. United States Dept. Agric., Bull. 1091, 1922. 

Dipodomys deserti Stephens. In Death Valley this rat has been found 
with small embryos during April; laciating specimens have also been found 
in that month. One or 2 seems to be the usual litter size (i). Another count 
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gave mean 3.3, mode 3. The gestation period was 29 to 32 days. A copula¬ 
tion plug is formed (2). 

D, ingens Merriam. The giant kangaroo rat breeds from January to May. 
Embryo counts of 5, usually, and of 6 have been recorded (3). 

D. microps Merriam. In central Utah this species breeds from early January 
to March; it has an ancstrous period from late June to late August and 
breeds again in early September through October; another anestroiis period 
follows (4). The litter size is from 2 to 4. 

D, nitratoides Merriam. This rat breeds most of the year; 2 is the average 
litter size (5). 

1. Grinncll, J. Proc. California Acad. Sci., Scr. 4, 23: 115-169, 1935-47* 

2. Biitterworth, B. B. JM., 42: 413-414, 1961. 

3. Grinnell, J. JM., 13; 305-320, 1932. 

4. Duke, K. L. JM., 25: 155-160, 1944. 

5. Culbertson, A. E. JM., 27: 189-203, 1946. 


HETEROMYINAE 

Liomys 

SPINY POCKET MOUSE 


Liomys pictus Thomas. This mouse of southwestern North America breeds 
at any time of year, but usually in the spring or early summer. From 3 to 5 
young, usually 4, is the rule (i). 

L. salvini Thomas. This species breeds all the year and usually has 4 
young (2). There are records of January (3), February, and March preg¬ 
nancies with 2 and 3 embryos (4). 

1. Hall, E. R., and K. R. Kelson. The Mammals of North America. New York, 1959. 

2. Goodwin, G. G. AM., 87: 271-474, 1946. 

3. Burt, W. H., and R. A. Stirton. Univ. Mich. Mus. Zook, Misc. Publ. 117, 1961. 


Heteromys 


Heteromys desmarestianus Gray. Three or 4 young seem to be usual (i, 2). 
The testes are active in January (3), and pregnant females have been found 
in July (2). 
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H, gaumeri Allen and Chapman. One record has been found of the 
capture in October of a female with 2 embryos. 

H. oresterus Harris. The number of young varies from 3 to 5, but 4 
is usual (5). 

1. Murie, A. Univ. Michigan Mus. Zool., Misc. Publ. 26, 1935. 

2. Kuns, M. L., and R. E. Tashian. JM., 35: 100-103, 1954. 

3. Endcrs, R. K. HCMZ., 78: 385-502, 1935. 

4. Hatt, R. T. JM., 19: 333 - 337 > 1938. 

5. Goodwin, G. G. AM., 87: 271-474, 1946. 


CASTORIDAE 

Castor canadensis Kuhl 
BEAVER 


There is little knowledge of the breeding habits of the beaver, mainly 
because of its aquatic habitat. The females do not breed until they are 
2 years old, and then not all of them do (i). Mating usually occurs 
in January or February and the young arc born in April or May (2). 
However, in some districts the time of breeding must be more irregular. In 
Texas nearly full-term fetuses have been found in February (3), and in the 
state of Washington births have been recorded in July and September (4). 
In the London zoo births have been distributed from May through Septem¬ 
ber, with a peak in June (5). The number of young born is usually 3 to 4 
but varies from i to 6. In one set of data placental scars averaged 3.4 and 
fetuses, 2.9 (()); in another, placental scars averaged 4.0 and embryo counts, 
3.6 (0). One account gives the mean embryo number as 3.9, mode 3 and 
5 (i), and another gives a litter size of 4.1 (8). The London zoo birth 
average was 1.8 per litter (5). 

Gestation has been given as about 3 months but a pair seen copulating 
gave a probable period of 128 days (9). The sex ratio of fetuses is approxi¬ 
mately equal, 45 males to 47 females (10, ii). The corpus lutcum is 6 to 
8 mm. in diameter. The corpora albicantia persist at least until the next 
breeding season (12). 

In the male the uterus masculinus is prominent and very variable in 
size. The epididymis and glandular epithelia are least developed when the 
seminal vesicles weigh most (13). 
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6. Osborn, D. J. JM., 34: 27-44, 1953. 

7. Hogdon, K. W. JWM., 13: 412-414, 1949. 

8. Sanderson, G. C. Proc. Iowa Acad. Sci., 60: 746-753, 1953. 

9. Brack, G. W. JM., 20: 486-489, 1939. 

10. Bradt, G. W. JM., ig: 139-162, 1938. 

11. Tryon, C. A. JM., 27: 396-397, 1946. 

12. Provost, E. E. JWM., 26: 272-278, 1962. 

13. Conaway, C. H. JM., 39: 97-108, 1958. 


Castor fiber L. 
BEAVER 


The Old World beaver mate.s from January to March and the young, 
numbering 3 or 4, are born in April or May after a gestation lasting 105 to 
107 days. The females have one litter a year (i). The females reach puberty 
in their second year and most can be fecundated at 32 to 34 months old. 
In captivity births were from late April through July, with most in May 
and June. The litter size varied from i to 4, with a pronounced mode at 3 
and a mean of 2.94. Ten per cent of the adult female population were not 
reproducing (2). Near Archangelsk 30 to 60 per cent of the 3-ycar-old and 
older females were reproducing and to per cent of the 2-year-oIds (3). 

The maximum development of the testes and accessory glands occurs in 
March. Retrogression begins in April and continues to June (2). 

1. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zidkin. Die Saugcticre in dcr 
Schutzwaidzone. Berlin, 1956. 

2. Formicheva, N. I. Biull. Mosk. Obshch. Ispyt. Priody Otd. Biol., 64(3): 5-15, 1959. 

3. Porovschchikov, V. Y. ZZ., 40: 466-467, 1961. 
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ANOMALURIDAE 

ANOMALURINAE 

Anomalurus 


Anomalurus heecrofti Fraser. This West African squirrel has been re¬ 
corded with a single embryo (1). 

A. fraseri Waterhouse, This squirrel was found pregnant in the northern 
Cameroons in June and July only. It has i young (2). The penis is sur¬ 
mounted by a cartilaginous spear, and the vagina of the pregnant female 
is filled with a hard plug (2). In the Belgian Congo pregnant females have 
been found in February and June so that the species may have two 
seasons (3), 

A, pelii Ternminck. This squirrel has 2 litters a year, one in September. 
Two to 3 young are usually born (4). 

1. Dekayser, P. L. Les Mammifcrcs de I’Afrique Noire Frangaise. np., 1956. 

2. Sanderson, I. T. TZS., 24: 623-725, 1938-40. 

3. Frechkop, S. EPNU., 1944. 

4. Adams, W. H. PZS., 234-236, 1894. 


PEDETIDAE 

Pedetes 

SPRING HARE 


Pedetes cafer Pallas. In South West Africa this hare breeds once a year, 
in April (i). Usually a single young is born; twins are very rare (2). 

P. surdaster Thomas. This species always has a single young (3). 

1. Sbiortridjrc, G. C. The Mammals of vSouth West Africa. London, 1934. 

2. van tier Horst, C. J. South African Hiol. Soc., Pamphl. 8: 47, 1935. 

3. Hollister, N. Smithsonian Inst., Bull. 99, 1918. 
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CRICETIDAE 

CRICETINAE 
Oryzomys palustris Harlan 
RICE RAT 


The rice rat of the eastern United States reaches puberty when it is about 
50 days old. It is polyestrous and breeds from February to November (i). 
There is a post-partum heat, and 9 litters may be produced in a season (2). 
The cycle length averages 7.6 =+= .2 days, with a range from 6 to 9 days; the 
duration of heat is usually 24 hours or less (3). The litter sizx is variable. 
One account gives an average of 3.0 (r), another an average of 5.0 ±: .2 and 
a range from 4 to 6 (3), but young females have smaller litters than older 
ones (i). The duration of gestation is variously given as 25 (i) or from 
21 to 24 days (4). 

The vaginal smears resemble those of the rat. In proestrum nucleated 
epithelial cells increase and leucocytes decrease. During heat large, flat, corni- 
fied epithelial cells appear, then leucocytes and oval nucleated epithelial cells 
with scattered clumps of cornified cells (3). A bursa encloses the ovary, 
which contains much interstitial tissue. A thecal gland around the follicle 
is prominent. The preovulatory follicle has a diameter of 0.8 mm., and the 
corpus luteum, which is solid by 48 to 72 hours after ovulation, reaches its 
maximum diameter of 1.05 to i.io mm. at 72 to 96 hours. Before ovulation 
the theca layer folds into the lumen of the follicle (3). 

The spermatozoon head length is 5.5 /x (5.0 to 6.0) X 2.1 /x (1.9 to 2.6); 
midpiece width, 0.9 ^ (0.7 to i.o); tail length, 73.9 /x (68.5 to 80.0) (5). 

1. Svihla, A. JM., 12: 238-242, 1931. 

2. Hamilton, Jr., W. J. JM., 30: 257-260, 1949. 

3. Conaway, C. H. JM., 35: 263-267, 1954. 

4. Steward, J. S. In A. N. Worden and W. Lanc-Petter, cds.. The UFAW Handbook 
on the Care and Management of Laboratory Animals. London, 1957. 

5. Hirth, H. F. J. Morphol., 106: 77-83, i960. 


Oryzomys aljaroi Allen. This Central American rat has been recorded 
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as pregnant in March and April (i), and the number of embryos has varied 
from 4 (1) to 7 (2). 

O. caliginosus Tomes. This rat has no definite breeding season. From 3 
to 7 young, 4 or 5 usually, are born at a time (3). 

O. cotiesi Alston. Pregnancies have been reported in February, September, 
and November (i). The number of embryos varies from i to 6, with 4 and 
5 most frequently and 3.8, the mean (i, 2). 

0 . devius Bangs. Embryo counts of 3 and 4 have been recorded (4). 

O. fulvescens Saussure. A female with 3 fetuses has been reported in 
July (5) and others with 3 in December and January (6). 

O. pyrrorhintis Wied. Pregnant females have been taken in August. The 
number of embryos is from i to 6, usually 5 (7). 

O. talamancae Allen. Three and 4 embryos have been recorded for preg¬ 
nant females taken in January and July. The species is probably poly- 
estrous (5). 

O. (Oecomys) bicolor Tomes. This rat has 2 to 4 young at a time. It 
probably breeds all year round (8). 

O, (O) endersi Goldman. A February record gives 3 embryos (5). 

1. Fciten, H. SB., 39: i-io, 1958. 

2. Muric, A. Univ. Michigan Miis. Zool., Misc. Publ. 26, 1935. 

3. Gotxlwin, (j. G. AM., 87: 271-474, 1946. 

4. Enclers, R. K. Personal communication, 1945. 

5. I-ndcrs, R. K. IICMZ., 78: 385-502, 1935. 

6. Burt, W. A., anti R. A. Stirton. Univ. Michigan Mus. Zool., Misc. Publ. 117, 1961. 

7. Moojen, J. Bol. Mus. Nac. Rio dc Janeiro, Zool., N5, 1943. 

8. Hershkovitz, P. Proc. United States Nat. Mus., no: 513-568, 1959. 


Reithrodontornys hitmilis Audubon and Bachman 
HARVEST MOUSE 


This mouse breeds all year-round and there is a post-partum heat. The 
gestation period is 24 days or less. The mean litter size is 2.2, range i to 3, 
and the sex ratio at birth is even. The vulva opens first between 4 and 7 
weeks after birth and breeding begins at ii to 20 weeks of age. The testes 
enlarge at 7 to 8 weeks (i). Another record gives 2 to 5 as the range in 
litter size (2). 
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1. Layne, J. N. Florida Mus. Biol. Sci., Bull. 4: 61--82, 1959. 

2. Brimley, C. S. JM., 4: 263-264, 1923. 


Reithrodontomys megalotis Baird 
HARVEST MOUSE 


This mouse is widespread in North America. The female is polyestrous 
and breeds all the year round, but mostly from April to October, with a 
tendency to reduced breeding at midsummer (i). The duration of gestation 
is 23 to 24 days; the litter size at birth is i to 7, mean 2.6 db .2. The earliest 
breeding age is 4 months 8 days (2). Embryo counts have ranged from i 
to 7, with a mean of 4.1 ±: .3. There is a post-partum heat (3). In Southern 
California there is an increase in sexual activity in the fall (4). 

1. Smith, C. F. JM., 17: 274-278, 1936. 

2. Svihla, R. D. JM., 12: 363-365, 1931. 

3. Egoscue, H. J. JM., 39; 306, 1958. 

4. Dunmire, W. W. JM., 42: 489-493, 1961. 

Reithrodontomys creper Bangs. For Panama two records, each of 2 
embryos, have been made (i). 

/?. ftdvescens Allen. In Mexico this mouse breeds throughout the year 
except on the high plateau. Four or 5 young are usually born (2). 

R. gracilis Allen and Chapman. Records give 2 and 4 embryos for June 
and July (3). 

R, mexicanus Saussure. This mouse probably breeds all the year (2). 
Embryo counts have varied from 2 to 5 (1). 

R, montanus Baird. Puberty is reached at age 2 months. Breeding is 
probably the year-round as young have been recorded for most months. 
The litter size varies from 2 to 5, mean 3.0 ±: .2, and the gestation lasts 21 
days (4). 


1. Enclers, R. K. Personal communication, 1945. 

2. Dalquest, W. W. Mammals of the Mexican Slate of San Luis Potosi. Baton Rouge, 
La., T953. 

3. Anderson, S., and J. K. Jones, Jr. Univ. Kansas Mus. Nat. Hist,, Publ. 9: 519-529, 
i960. 

4. Lcraas, H. J. JM., 19: 441-444, 1938. 
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Tylomys watsoni Thomas 


There is a record of 3 embryos for this Central American mouse (i). 

I. Enders, R. K. Personal communication, 1945. 


Ototylomys phyllotis Merriam 


Embryos have been found in July (i) and October (2) and in all the 
other months except May and June (3). The litter size is usually 2 but singles 
have been recorded (3). 

1. Runs, M. L., and R. E. Tashiam. JM., 35: 100--103, i 954 * 

2. Hatt, R. T. JM., 19: 333, 1938. 

3. Burt, W. H., and R. A. Stirton. Univ. Michigan Mus. Zool., Misc. Publ. 117, 1961. 


Nyctomys sumichrasti Saussure 
NIGHT MOUSE 

In the London zoo this Mexican mouse has had young in February and 
October (i). 

I. Zuckerman, S. PZS., 122: 827-os<^ *952-3. 


Pcromyscus boylii Baird 
WHITE-FOOTED MOUSE 

This mouse, which lives in western North America, is polyestrous (i). 
In lower districts it breeds the year-round but high on the Coast Range 
the young are not born until May (2). The age at first heat is 50.9 ± i.g 
days (3). In the Sierra Nevada there is a peak of breeding in May and June 
and another from August to September. The females have a post-partum 
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heat. The litter size varies little with weight and time of year. Corpus luteum 
counts averaged 3.3 ± .1, and embryos 3.1 ±; .1 (4). The number varies 
from 2 to 4, mode 3. 

1. Bailey, V. NAF., 53, 1931. 

2. Mearns, E. A. United States Nat. Mus., Bull. 56, 1907. 

3. Clark, F. H. JM., 19: 230-234, 1938. 

4. Jameson, E. W. JM., 34: 44-58, 1953. 


Peromyscus californicus Gambel 


This mouse is polyestrous and has no post-partum heat, thus differing 
from most other species of the genus (i). It breeds from March to September, 
with a scattering in other months. The testes weight increases in March 
and decreases in October; the accessory organs follow the same cycle. The 
average litter size, based on fetuses at half their prenatal growth, is 1.9, 
range t to 3, mode 2. An average of 3.25 litters is produced each season (2). 
The mean gestation period is 23.6, range 21 to 25 days (i). 

The sperm head measures 5.5 iu, (5.0-6.0) X 3.2 /a (2.9-4.0); the midpiece 
width 0.8 (o.6-o.g); and the tail length 73.0 /a (65.5-85.0) (3). 

1. Svihla, A. Univ. Michigan Mus. Zool., Misc. Publ. 24, 1932. 

2. McCabe, T. T., and B. D. Blanchard. Three Species of Peromyscus. Santa Barbara, 
Calif., 1950. 

3. Hirth, H. F. J. Morphol., 106: 77^83, i960. 


Peromyscus eremiciis Baird 
DESERT PEROMYSCUS 


This mouse is polyestrous but it experiences no heats immediately after 
parturition (i). In the laboratory the average age of females at the birth 
of their first litters was 10 months but some had begun to breed at 3 to 4 
months, though they did not become pregnant at that age (2). The mean 
age at first heat is 39.2 -±. 1.5 days (3). The mice breed the year-round in 
Mexico (4), but not in the mountains during winter (5). The mean litter 
size in the laboratory was 2.42 ±: .05 and the sex proportion of 41 litters was 
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52.9 per cent males. The number of young increased to the sixth litter and 
then decreased (2). Compilation of data on embryo numbers gave 3.0 ± .2 
as the average. 

1. Svihla, A. Univ. Michigan Mus. Zool., Misc. Publ. 24, 1932. 

2. Davis, D. E., and D. J. Davis. JM., 28: 181-183, 1947. 

3. Clark, R H. JM., 19: 230-234, 1938. 

4. Baker, R. H. Univ. Kansas Mus. Nat. Hist., Publ. 9: 125-335, ^ 95 ^* 

5. Mearns, E. A. United States Nat. Mus., Bull. 56, 1907. 


Peromyscus fioridanus Chapman 
DEER MOUSE 


In captivity this mouse breeds all the year. The litter size has varied from 
I to 3 (i). The sperm head measures 5.4 /a (4.9-6.0) X 2.7 ju. (2.5-3.0); the 
midpiece width is 0.8 /x (0.6-0.9) and the tail length 74.0 /x (70.1-78.7) (2). 

1. Dice, L. R. JM., 35: 260, 1954. 

2. Hirth, H. F. J. Morphol., 106: 77-83, i960. 


Peromyscus gossypinus Le Conte 
COTTON MOUSE 


In Florida pregnancies have been found at all times of the year except 
in June and July, with but few in August. The greatest number are found 
in November to January. The testes tend to retrogress from April to August 

( 0 - 

In the laboratory the females are polyestrous, with a post-partum heat. 
The cycle averages 5.26 days with the range from 3.5 to 10 days. Of this, 
proestrum occupies 21 hours (8-30); e.strus, 24 hours (12-36); metestrum, 
29.5 hours (23-40); and die.strum, 49.5 hours (24-74). The vagina is usually 
open at the time of heat but not invariably so. The vaginal smear varies 
with the condition, but exclusively cornified smears are not often found; 
there are usually a few nucleated cells and leucocytes to be seen. Metestrous 
smears are characterized by a decrease in cornified cells and a rapid increase 
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in leucocytes, but very few nucleated cells are present. The gestation period 
in the nonlactating female is 22.9 days. In one nursing it was 30 days. Births 
take place mostly in the morning. The number of embryos averages 3.9 ±: 
.16, mode 4, range 2 to 6. For the number of young born the range was i to 
7, mean 3.7 ±; .14, mode 4. The sex proportion of 240 young was 49.6 per 
cent males (i). 

Spermatozoa are found in the seminiferous tubules at 40 days and in 
the epididymis at 45 days. The vagina opens at 43 days; the earliest ob- 
served was at 36 days (1). The sperm head measures 5.6 /x (5.T-5.9) X 3.0 
(2.8-3.i); the midpiece width 0.9 /x (0.8-1.i); and the tail length 72.8 /x 
(65.0-77.4) (2). 

1. Pournelle, G. H. JM., 33: 1-20, 1952. 

2. Hirth, H. F. J. MorphoL, 106: 77-83, i960. 


Peromysctis leucopus Rafinesque 
WOOD MOUSE 


This mouse, widespread through North America, is polyestrous and breeds 
from early April to the beginning of October in the northern part of its 
range (i). In the south it breeds at all times (2), but reproduction tends 
to fall off in July and August (3). In the laboratory males are fecund 
throughout the year but females do not breed in winter (4). Puberty in 
the female is reached at 46.2 it 3.2 days (5), or in 50 per cent of individuals 
at 15 g. weight (6). Another report gives the 50 per cent level at 79 to 85 mm. 
body length for the males and 74 to 88 mm. for the females, depending on 
the year (7). The estrous cycle lasts 4 to 5 days, and the vaginal smears 
are typical, like those of the rat and mouse (8). The litter size is 5.0 it .1 
embryos, range 3 to 7, in Ontario (i). In Michigan the number born was 
4.1 it .1 (9). There appear to be considerable differences; in New Jersey, 
for instance, the averages for September have varied from 4.4 to 4.9 (7). 
Four seems to be the modal number of embryos in the wild state. 

There is a heat immediately after parturition, and the duration of gesta¬ 
tion in the nonlactating female averages 23.2 days. In the lactating female 
gestation may be prolonged by as many as 14 days (9). Of 133 sexed 
embryos 51.8 per cent were males (6). 

This species has been the subject of research on the influence of light upon 
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the periodicity of breeding. In Michigan most litters are born in May and 
June, with few in July, and reproduction is most frequent again from late 
August to October. None are born from December to February. With i 
foot-candle of light to prolong the length of day to 18 hours during the short- 
day season the mice breed at that time as well as they do in the usual breeding 
season. Lowered temperature (4° to 6° C.) has no adverse effect if the 
light is maintained. Intense light is not an advantage. If the mice are blinded, 
fertility is not affected, but they do not experience cyclical reproduction. 
Continued darkness lowers reproduction, and it becomes noncyclical in 
type (10). 

The sperm head measures 5.5 /x (5.0-6.0) X 3.0 fi (2.5-3.1); the midpiece 
width 0.9 /X (0.6-j.i); and the tail length 74.3 fi (68.1-80.4) (^i)* 

1. Coventry, A. P. JM., 18: 489-496, 1937. 

2. Mearns, E. A. United Stales Nat. Mus., Bull. 56, 1907. 

3. Burt, W. H. Univ. Michigan Mus. Zool., Misc. Publ. 45, 1940. 

4. Howard, W. E. JM., 31: 319-321, 1950. 

5. Clark, F. H. JM., 19: 230-234, 1938. 

6. Jackson, W. B. Ecol. Monogr., 22: 25(^281, 1952. 

7. Davis, D. E. JM., 37: 513-516, 1956. 

8. Osgood, Jr., F. L. Personal communication, 1945. 

9. Svihla, A. Univ. Michigan Mus. Zool., Misc. Publ. 24, 1932. 

10. Whitaker, W. L. J. Exp, Zool., 83: 33-60, 1940. 

11. Hirth, H. F. J. Morphol., 106: 77-83, i960. 


Peromyscus maniciilatiis Wagner 
DEER MOUSE 


This mouse is widespread throughout North America. The female is 
polyestrous and tends to breed the year-round (i), but the intensity of 
reproduction varies considerably with the climate and the year. In Ontario 
breeding ceases for the winter about the beginning of September (2), and 
in the Yukon no pregnancies were found in June or July (3). In the Sierra 
Nevada breeding is most intense from April to May, with some breeding 
the year-round (4). At elevations of 4,500 ft. there were two main seasons 
in fall and spring, with sporadic breeding in the winter and very little in 
summer. At 9,800 ft. breeding was in spring and summer, with some in 
winter. At 12,400 ft. it was mainly in late summer and early fall. At lower 
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elevations the mice bred for a longer period and produced more litters 
and three times as many young as at high altitudes but at the high altitudes 
the number of young per litter was slightly larger (5). In New Mexico 
pregnancies were found at higher elevations from July to September, but 
lower down December to June was the main season (6). 

The age at first heat is 48.7 ±1.2 days (7), and the first litters are usually 
born at 10 weeks (8). Puberty has also been placed at from 32 to 35 days, 
at a weight of 13 g., and in the males at from 40 to 45 days, at 15 to 16 g. 
(4). The estrous cycle lasts 4 to 5 days and the changes in the vaginal smears 
are like those of the rat and mouse (9, 10). The female experiences heat 
immediately after parturition. The duration of gestation in the nonlactating 
female is 23.5 days, with a range from 22 to 27 days; lactation increases 
the length up to 10 days (ii). 

The average number of embryos has been given as 5.4 ±: .2, range 2 to 
8 (2). A compilation of other figures, which relate to embryo counts in 
several subspecies, gives 5.0 zb .1. The modal number is 5 and the range 
2 to 9. One series of births gave 4.04 zb .04 (n). The degree of wastage 
during pregnancy may be gauged by the following figures for P. m. 
gracilis: ova shed (i.e., corpora lutea), 5.9 zb .2; implantations, 5.5 zb .1; 
and live embryos, 5.3 zb .1. For P, m, hairdii the corresponding figures 
were: ovulations, 5.8 zb .1; implantations, 5.3 zb .1; and live embryos, 5.1 bz 
.1 (12). In the laboratory the litter size has varied from 2 to 7, mode 5, 
and mean 5.0, with 4.0 litters per season (8). Another account gives the 
average number of ovulations in January as 3.1, rising to 4.8 by June, falling 
in the summer and rising again in October (4). In one account the average 
litter size was 4.5, range t to 9; the number of litters per year was 10.4, 
mean 7 to 12; and the number of young per year, 41.3, range 15 to 63 (13). 

The limiting factor in the length of the estrous cycle is usually the length 
of diestrum. Proestrum lasts 20.7 hours (15 to 24); cstrus 26.2 hours (24 to 27; 
n =z 27). Ovulation is spontaneous and it occurs near the middle or end 
of the cornified vaginal stage. In diestrum the vaginal epithelium is 5 to 6 
cells deep with leucocytes in the superficial cell rows. In proestrum it is 
4 or 5 rows of lightly staining cells below the 10 to 13 rows of epithelial cells. 
At estrus the superficial layer consists of 10 to 12 rows of granular corni¬ 
fied cells upon 10 to 13 rows of normal epithelial cells. In early metestrum 
there are 9 to 12 rows of epithelial cells with no leucocytes. Later the 
leucocytes come in. The uterus is greatly distended and thin-walled in 
proestrum and early estrus (10). 
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Peromysetis polionotus Wagner 


The age at first heat is 29.6 .5 days (i), and one record was found of 
a female with 5 embryos in October. Young have been recorded in April (2). 

The spermatozoa measure as follows: head, 5.4 /a (5.0-5.9) X 3.1 M (2.9- 
3.5); midpiece width, 1.4 fi (1.2-2.0); tail length, 72.0 fJi (68.2-77.4) (3). 

1. Clark, F. H. JM., 19: 230-234, 1938. 

2. De Witt Ivey, R. JM., 30: 157-162, 1949. 

3. Hirth, H. F. J. Morphol., 106: 77-83, i960. 


Pcromyscus truei Schufeldt 
PI 5 JON MOUSE 


This mouse is polyestrous and breeds throughout the year, but mostly 
from April to June (i) or September (2). Few young are born from October 
to February (1). The testis weight rises in March and diminishes through 
September; the accessory organs follow the same cycle. The vagina opens at 
about 10 weeks (3), but the age at first heat has been given as 50.1 ± 2.5 
days (4). The litter size varies from i to 5, mode 3 and 4, mean 3.4, based 
on counts made at half the fetal growth. The females average 3.4 litters 
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per season (4). In another series the mean litter size at birth was 2.8 ±: .2, 
mode 2, considerably less than the usual number for the genus (5), but 
frequent in desert species. Embryo counts in the field have varied from 3 to 
6 for a limited series. A single gestation in a lactating mouse lasted 40 days 
(5). One investigation gives the mean litter size as 3.6, range i to 6; the 
number of litters per year as 5.8, range 2 to 9; and the number of young 
per female per year as 15.6, range 3 to 26 (6). 

1. Holdenried, R., and H. B. Morlan. AMN., 55: 369-381, 1956. 

2. Baker, R. H. Univ. Kansas Mus. Nat. Hist., Publ. 9: 125-335, 1956. 

3. McCabe, T. T., and B. D. Blanchard. Three Species of Peromysciis. Santa Barbara, 
Calif., 1950. 

4. Clark, F. H. JM., 19: 230-234, 1938. 

5. Svihia, A. Univ. Michigan Mus. Zook, Misc. Publ. 24, 1932. 

6. Egoscue, H. J. JM., 41; 99-1 to, 1960. 

Peromysciis banderaniis Allen. One female with 3 embryos has been 
reported for August (1). 

P . crinitiis Merriam. At low altitudes this mouse breeds in spring only. 
At higher elevations there is a split season with reproduction in spring and 
late summer or early fall and a midwinter and summer drop (2). The 
litter size is from 2 to 5 (3, 4). 

P . dtffictlts Allen. The number of young averages 3. Both embryos and 
young have been reported for July and August (i), and a lactating female 
in April (5). 

P. megalops Merriam. This mouse has an extended season. One record 
gives 3 embryos (r). 

P. melanophrys Osgood. The yucca mouse breeds until late in the year. 
Two females with 3 embryos each have been taken (6). 

P. melanotis Allen and Chapman. The breeding season is long. The 
embryo count varies from i to 5, with 3.7 the mean (i). Another count gave 
3.8, range i to 5, mode 5 (5). 

P. mexicanus Saussure. This species has a long breeding season. Lactating 
females have been found in February and September, pregnancies in March 
and April, and fertile males from January to August (7). It probably breeds 
all year. Two to 4 embryos have been counted (6). 

P. nasutus Allen. This mouse has a long season; males with large epididy¬ 
mides have been found from January to August and a pregnant female in 
August (8). The litter size varies from 3 to 6, but it is usually 4 (9). 
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P. nudipes Allen. This Central American species has 2 to 3 embryos at 
a time (10). 

P. nuttalli Harlan. This mouse is polyestrous, breeding from February to 
October, and has a post-partum heat (ii). The number of young has varied 
from 2 to 4, usually 3. The sperm head measures 4.2 /x (3.9-^.o) X 3.0 /x 
(2.7-3.!); midpiece width, 2.0 /x (1.4-2.2); and tail length, 63.5 /x (60.0-70.0) 
(12). 

P. pectoralis Osgood. Embryos have been found from March to December, 
and lactating females in March. Reproduction may not occur in January and 
February as none of 18 specimens taken in January was pregnant (5). Three 
embryos is the usual count (6). 

P. yucatanicus Allen and Chapman. There is one record of 2 embryos in 
October (13). 

1. Davis, W. B. JM., 25: 370-403, 1944. 

2. Dunmire, W. W. JM., 42: 489-493, 1961. 

3. Bailey, V. NAF., 55, 1936. 

4. Hall, E. R., and K. R. Kelson. The Mammals of North America. New York, 1959- 

5. Baker, R. H. Univ. Kansas Mus. Nat. Hist., Publ., 9: 125-335, 1956. 

6. Dalqucst, W. W. Mammals of the Mexican State of San Luis Potosi. Baton Rouge, 
La., 1953. 

7. Felten, H. SB., 39: 133-144, 1958. 

8. Holdcnried, R., and H. B. Morlan. AMN., 55: 369-381, 1956. 

9. Bailey, V. NAF., 53, 1931. 

10. Enders, R. K. Personal communication, 1945. 

11. Goodpasture, W. W., and D. F. Hoffmeister. JM., 35: 16-27, ^954* 

12. Hirth, H. F. J. Morphol., 106: 77-83, i960. 

13. Hatt, R. T. JM., 19: 333-337, 1938. 


Calomyscus bailwardi Thomas 


This vole has been recorded as having 3 to 5 young born in the period from 
March to June. Some females have 2 litters during the year (1). 


I. Gambarian, P. P., and B. A. Martirosyan. ZZ., 39: 1408-1413, i960. 
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Baiomys 

PYGMY MOUSE 


Baiomys mtisculus Merriam. This Central American mouse breeds 
throughout the year. Combined embryo counts and newborn young average 
2.9, range i to 4 (i). Another series of embryo counts gave 2.0, range 1 to 
3 (2). 

B. taylori Thomas. This mouse is polyestrous (3) and breeds the year- 
round (4). Puberty is reached at about 44 days; the gestation lasts for 20 
days and the litter size is 2.7 ±: .1, range i to 5 (3). Another count gave 
2.5, range i to 4 (i). 

1. Packard, R. L. Univ. Kansas Mus. Nat. Hist., Publ. 9: 579-670, i960. 

2. Hall, E. R., and K. R. Kelson. The Mammals of North America. New York, 1959. 

3. Blair, W. F. JM., 22: 378-3H3, 1941. 

4. Dalquest, W. W. The Mammals of the Mexican State of San Luis Potosi. Baton 
Rouge, La., 1953. 


Onychomys leucogastcr Wied 
GRASSHOPPER MOUSE 


This central and western North American mouse is polyestrous from 
April to September (1,2), but most litters are born from February to August. 
There is a post-partum heat (3). The females reach puberty in about 90 days 
(2) and the young, in number 2 to 6, usually 4, are born after a gestation of 
33 days, or longer if the female is lactating (4). Another count gives a litter 
size of 3.6, range i to 6. The number of litters per year averages 5.1, range 
I to 10, and the number of young per year, 18.3, range 2 to 27. The gestation 
period in the nonlactating female was 29 to 32 days, and in the lactating 
female 32 to 38 days (3). In this account most females are said to breed first 
in the year following that of birth (3). 

1. Warren, E. R. The Mammals of Colorado. Norman, Okla., 1942. 

2. Bailey, V. NAF., 53, 1931. 

3. Egoscue, H. J. JM., 41: 99-110, i960. 
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Onychomys torridus Coucs. In Mexico this mouse breeds from April to 
December and the number of young varies from 3 to 5 (1). In Death Valley 
young have been seen in mid-April (2). 

1. Bailey, V., and C. C. Sperry. United States Dept. Agric., Tech. Bull. 145, 1929. 

2. Grinnell, J. Proc. California Acad. Sci., Ser. 4, 23: 115-169, 1935-47. 


A\odon 


A\odon amoenus Thomas. The males of this South American mouse 
come into breeding condition towards the end of July, but no pregnant fe¬ 
males were found at that time (1). 

A. andinus Osgood. Breeding males were found in July and December (i). 
A, bcrlcpschii Thomas. Testis development begins in July and the breeding 
season follows immediately (i). 

A. bolivensis Meyen. No pregnancies were found in July, but of 27 males, 
2 were capable of breeding. In December the males had enlarged testes and 
a female with 5 embryos was taken (i). 

A. jelsf(ii Thomas. This mouse was not breeding in July or August. Breed¬ 
ing probably begins in October (i). The litter size is usually 4 (2). 

1. Pearson, O. P. HCMZ., 106: 117-174, 1951-2. 

2. Dorst, J. Mammalia, 22: 546-565, 1958. 


Zygodontomys cherriei Allen 
CANE RAT 


Pregnant or nursing females were found in Panama in the months of 
November, January, March, and April. The litter size varied between 2 
and 4 (i). 

I. Enders, R. K. HCMZ., 78: 385-502, 1935. 
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Scotinomys teguina Alston 


Four specimens of this Central American species each had 2 embryos (i). 
A lactating female has been found in April (2). 

1. Enders, R. K. Personal communication, 1945. 

2. Felten, H. SB., 39: 133-144, 1958. 


Hesperomys 


Hesperomys laucha Desmarest. In Venezuela a summer record gives 4 
pregnant females, one with 3 embryos and 3 with 4 each, and a nest with 
3 recent young (i). 

H. sorella Thomas. A litter of 5 is usual (2), 

r. Butterworth, B. B. JM., 41: 517-518, i960. 

2. Dorst, J. Mammalia, 22: 546-565, 1958. 


Phyllotis 

LEAF-EARED MOUSE 


Phyllotis boUviensis Waterhouse. Males of this South American mouse 
were found in breeding condition after mid-September. Pregnant females 
with 3 to 4 embryos were taken in October and December. Young were 
found in November (r). 

P. darwinii Waterhouse. Breeding males were taken from late July onward 
and pregnant females from late July to December, after which no more catch¬ 
ing was done. Four was the average embryo number (i). 

P, pictus Thomas. Breeding probably begins in September or October (1), 
and the litter size is 4 (2). 

P. sublttvits Thomas. At Santa Rosa males were taken with large testes 
at the end of July, but at Caccachara not until the beginning of Septem¬ 
ber (i). 
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1. Pearson, O. P. HCMZ., 106: 117-174, 1951-2. 

2. Dorst, J. Mammalia, 22: 546-565, 1958. 


Neotomys ebriosus Thomas 


In Peru this 
I. Pearson, O. P. 


mouse was found with large testes at the end of July (i). 
HCMZ., 106: 117-174, 1951-2. 


Reithrodon typicas Waterhouse 
PAMPAS GERBIL 

In the London zoo this species has had young throughout the year. The 
number has varied from i to 4, with 2 as the mean and mode (i). 

I. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Holochilus sciureus Wagner 


In Brazil pregnant females have been found in September. The number 
of young was 4 to 6, usually 5 (i). In British Guiana litters of 2 to 5 young, 
averaging 3.5, have been recorded (2). 

1. Moojen, J. Bol. Mus. Nac. Rio dc Janiero, Zook, N5, 1943. 

2. Twigg, G. I. JM., 43: 369-374, 1962. 


Sigmodon hispidus Say and Ord 
COTTON RAT 


This cotton rat of southern North America is polyestrous in the wild, 
breeding from early spring to late fall, or longer (i). In the laboratory it 
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breeds all the year round. The testes descend usually at 20 to 30 days, varying 
from 10 to 50 or more days, and the vaginal introitus is established at 30 to 
40 days, as a rule, with a variation from 10 to 50 or more days. Puberty is 
reached earlier in the spring than it is in the fall. Spermatozoa are pro¬ 
duced at 40 to 50 days of age (2). No female weighing less than 60 g. 
was found to be pregnant or with placental scars (3). In Texas the testes 
increased in size from February to July and atrophied from July to Novem¬ 
ber. The pregnancy rate was highest in May and June, while none were 
pregnant from October to February (4). 

The vaginal smear is characteristic of the Muridae and Cricetidae. There 
is a reduction in the number of leucocytes and an increase in nucleated 
epithelial cells during proestrum, with cornified cells in estrus, and nucleated 
epithelial cells followed by leucocytes in metestrum. The lengths of the parts 
of the cycle are most variable, and the following ranges have been found (2) : 

Average Range 

Proestrum 14 hours 12- 21 hours 

Estrus 46 hours 21-123 hours 

Metestrum 14 hours 9- 21 hours 
Diestrum 116 hours 42-156 hours 

Another account gives vaginal heat as lasting on the average 3.4 days, range 
I to 12 days, and a cycle length of 9 days, range from 4 to 20 days. The uterus 
is distended during heat, and ovulation occurs late in this period. The post- 
parturition heat lasts T(S to 24 hours, a shorter period than that of the normal 
cycle, and ovulation occurs GYi to 12 hours after littering. A vaginal plug 
is formed at coitus. The eggs take about 60 hours in their passage through 
the oviduct, and remain for nearly half that time in the last third. The 
placental sign, erythrocytes in the vagina, is given on the tenth day of preg¬ 
nancy (5). 

The average litter size is 5.6, with a range from 2 to 10, and the sex ratio 
at birth is 51.7 per cent (5). Other mean litter sizes are 4.75, range 3 to 8 (r), 
and 7.4, range 5 to 10 (6). Apparently, litter size varies in different districts 
or on different feeds. For the subspecies chiriquensis Enders has records of 2 
and 3 embryos, lower than the usual number for the species. The duration 
of gestation is 27 days, and suckling has little effect upon its length (5). 

The sperm head measures 6.1 (5.9-7.0) X 3.2 g (3.0-3.6); the midpiece 

17.2 /X (16.0-20.1) X 0.9 g (0.8-1.i); and the tail length 80.9 yu, (77.1-85.4) (7). 

1. Svihla, A. JM., 10: 352 “ 353 , 1929- 

2. Clark, F. H. Univ. Michigan Contr. Lab. Vert. Genet., 1936. 
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3. Odum, E. P. JM., 36: 368-378, 1955. 

4. Haines, H. Texas J. Sci., 13: 219-230, 1961. 

5. Meyer, B. J., and R. K. Meyer. JM., 25: 107-129, 1944. 

6. Rinker, G. C. Trans. Kansas Acad. Sci., 45; 376-378, 1942. 

7. Hirth, H. F. J. Morphol., 106: 77-83, i960. 

Sigmodon bogotensis Allen. The estrous cycle lasts 6.2 =t .45 days. The 
duration of heat is less than i day. Proestrum lasts 1.4 days; metestrum is 
less than i day; diestrum, 2.6 days; and the interestrous period, 5.4 days. The 
vaginal smear resembles that of Sigmodon hispidus. The variability in the 
cycle is from 4 to 8 days (i). 

S. minimus Mearns. This species has been recorded as pregnant with 3 
and 4 embryos in May (2). 

S. ochrognathus Bailey. Two females caught in April each had 2 embryos. 
Four in October had 6, 7, 8, and 9, respectively (3). 

1. Tainsitt, J. R., and D. Valdivieso. Mammalia, 26: 161-166, 1962. 

2. Bailey, V. NAF., 53, 1931. 

3. Baker, R. H. Univ. Kansas Mus. Nat. Hist., Publ. 9: 125-335, 1956. 


Neotomodon alstoni Merriam 
VOLCANO MOUSE 


The breeding season stretches at least from June to September. The num¬ 
ber of young averages ^.3, with a range from 2 to 5 (i). Embryo counts, 
varying from 2 to 5, gave 3.5 dt .2 as the average. Four was the mode (2). 

1. Davis, W. B. JM., 25: 370-403, 1944. 

2. Davis, W. B., and L. A. Follaiisbee. JM., 26: 401-41 1 , 1945. 


Ncotoma albigula Hartley 
WOOD RAT 


This rat is polyestrous (i) and breeds all the year, though most pregnancies 
are found from March to May and the fewest from September to December 
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(2). The young may breed in the year of their birth, and some females may 
have two or more litters a year (3). The litter size is from 2 to 3, mean 
2.2 ±: .1, or, in another series, 1.95 (4), while the gestation period is less 
than 30 days (i). 

1. Feldman, H. W. JM., 16: 300-303, 1935. 

2. Holdenricd, R., and H. B. Morlan. AMN., 55: 369-381, 1956. 

3. Finley, Jr., R. B. Univ. Kansas Mus. Nat. Hist, Publ. 10: 213-552, 1958. 

4. Vorhies, C. T., and W. P. Taylor. Arizona Agric. Exp. Sta., Tech. Bull. 86, 1922. 


Neotoma cinerea Ord 
WOOD RAT 


This rat breeds from spring to early summer (i). The male season prob¬ 
ably ends in August, and males of the first year do not reach puberty until 
their first winter (2). One litter a year is usual in the north of their range 
but probably more are produced in the south (i). The litter size has varied 
from I to 6, mode 4, and mean 4.0 zt .3. 

In the laboratory they breed in the year following birth and are seasonally 
polyestrous. Births are from February to August, but most are from March 
to May. There is a post-partum heat. Mating usually takes place from 1 :oo 
to 4:00 p.M. The gestation period is 27 to 31 kz days long; lactation does not 
extend it. The litters have averaged 3.5, with mode 3 (3). 

1. Warren, E. R. JM., 7: 97-101, 1926. 

2. Finley, Jr., R. B. Univ. Kansas Mus. Nat. Hist., Publ. 10: 213-552, 1958. 

3. Egoscue, H. E. JM., 43: 3^8-337, 1962. 


Neotoma floridana Ord 
WOOD RAT 


This rat breeds from February to August and exceptionally into Septem¬ 
ber (i), and is polyestrous (2), but only one litter a year is born (3). The 
testes enlarge late in January and are scrotal by February. In June most are 
abdominal, but they descend again in late July or early August (i). In the 
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female puberty is reached at about 160 g. weight, or age 5 to 6 months, 
except for those that reach this age during the winter quiescent period. Early- 
born young may breed the same year (4, 5). The litter size varies from i to 
6, with 3 as the mean; 2 to 4 are the more common litter and embryo num¬ 
bers. The gestation period is probably between 31 and 36 days (6). In cap¬ 
tivity 3.1 has been the average litter size and 32 days the gestation period (5). 

The estrous cycle lasts for 3 to 8 days, usually 4 to 6. The vaginal smear 
has been divided into stages as follows: 

Stage I. Mostly large oval epithelial cells with some vacuolated. The vaginal 
epithelium is thick and contains leucocytes. Some desquamation is occurring. 
Many mucous cells are present and mucus may be found in the lumen. Ovu¬ 
lation occurs during this stage, which lasts from 12 to 30 hours. 

Stage 2. Mostly vacuolated epithelial cells with pycnotic nuclei; many 
leucocytes. The epithelium is medium thick. New corpora lutea are present 
and the ova are in the oviducts. 

Stage 3. Many leucocytes; pycnotic vacuolated cells. The smear becomes 
scarce late in this stage and the vaginal epithelium thin. 

Stage 4. Diestrum. The smear is scanty, with degenerating cells. This stage 
lasts from i to 2 days (7). 

During the heat period the external genitalia are enlarged and discolored; 
the vaginal orifice is prominent and gaping. The uterine horns are firm, 
enlarged, and pinkish (4). 

The sperm head measures 8.1 /a (7.9-8.9) X 1.5 /a (i.(>~i.8); the midpiece 
width 0.9 /x (0.8-1.0); and the tail length 130.0 /x (120.0-135.1) (8). 

1. Rainey, D. G. Univ. Kansas Mus. Nat. Hist., Publ. 8: 536-646, 1954-6. 

2. Dice, L. R. JM., 4: 107-112, 1923. 

3. Bailey, J. W. The Mammals of Virginia. Richmond, Va., 1946. 

4. Fitch, H. S., and D. G. Rainey. Univ. Kansas Mus. Nat. Hist., Publ. 8: 499-533, 
1954-6. 

5. Schwentker, V. In A. N. Worden and W. Lane-Petter, eds., The UFAW Handbook 
on the Care and Management of Laboratory Animals. London, 1957. 

6. Poole, E. L. ]M., 21: 249-270, 1940. 

7. Chapman, A. O. Univ. Kansas, Sci. Bull. 34: 267-283, 1951-2. 

8. Hirth, H. F. J. Morphol., 106: 77-83, i960. 
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Neotom a fuscipes Baird 
WOOD RAT 

This wood rat has a wide range in the mountains and valleys of the western 
United States, and the differences in climate which it encounters may explain 
some of the discrepancies reported in its reproduction. 

The females are polyestrous (i) and pregnancies have been reported from 
February to April or May (2). In California the testes increase late in Sep¬ 
tember and become scrotal; in May they cease to be active and the accessory 
organs regress (3). Puberty is reached at about 240 g. February is the usual 
breeding season for adults; the young of the previous season are later in 
breeding (3). No vaginal plug is produced after mating. In two cases 
the duration of gestation was 33 days (4). The number of embryos, com¬ 
piled from several sources, is 2.4 rt .i, mode 2 and 3, range i to 4. 

In the female the vulva, when resting, is imperforate and the lips are small 
and pale. At heat they become inflamed and pink. The spermatozoa are 
about 128 /A long (3). 

1. Warren, E. R. JM., 7: 97-101, 1926. 

2. English, P. F. JM., 4: 1-9, 1923. 

3. Linsdale, J. M., and L. P, Tevis, Jr. The Dusky-footed Wood Rat. Berkeley, Calif., 
1951. 

4. Wood, F. D. JM., 16: 105-109, 1935. 


Neotoma lepida Thomas 
WOOD RAT 


In the laboratory this rat is polyestrous all year and the females breed at 
2 to 3 months old (i). In the wild most females breed in the year following 
birth (2). Some females experience a post-partum heat; in others it is delayed 
until weaning. At heat the vulva is swollen and bright pink. The gestation 
period is from 32 to 36 days and the litter size i to 5, mode 2, mean 2.3 dr .1 
(i). In the wild, breeding is from February to June. More than one litter 
a year is produced (3); the litter size is i to 5, but usually 3. In the laboratory 
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the average number of litters a year is 5.8, range 2 to 9; the litter size is 2.8, 
range i to 5. The average number of young per year is 15.6, range 3 to 26 (2). 

1. Egoscue, H. }. JM., 38: 472-481, 1957. 

2. Egoscue, H. J. JM., 41: 99-110, i960. 

3. Hall, E. R. Mammals of Nevada. Berkeley, Calif., 1946. 


Neotoma micropus Baird 
WOOD RAT 


This rat is polyestrous from late April onward (i). The gestation period 
is less than 33 days and the litter size is usually 2, with but one litter a year 
(2). In New Mexico the breeding season lasts from March to August (3). 
Another record cites the probability of 2 or more litters a year. The early 
young of the year may have litters in the summer (4). Lactating females 
have been seen in March and young in March and November (5). 

1. Hailey, V. NAF., 53, 1931. 

2. Feldman, H. W. JM., r6: 300-303, 1935. 

3. Hcddenried, R., and FI. FF Morlan. AMN., 55: 369-381, 1956. 

4. Finley, R. H. Uni\. Kansas Mus. Nat. Hist., Publ. 10: 213-552, 1958. 

5. I 3 alvcr, R. H. Univ. Kansas Mus. Nat. Hist., Publ. 9: 125-335, 1956. 

Neotoma goldmani Merriam. There is a March record of two females each 
with a single embryo (1). 

N, mexicana Baird. This species has an extended season (2) and is prob¬ 
ably polyestrous (3), with at least 2 litters a year. The litter size is from i 
to 4, usually 2 (4). A compilation gives an average of 2.25 young per litter. 

N, (Teanopus) p/ienax Merriam. For this Mexican rat there is a February 
record of a female with 2 embryos (5). 

1. Baker, R. H. Univ. Kansas Mus. Nat. Hist., Publ. 9: 125-335, 1956. 

2. Davis, W. H. )M., 25: 370-403, 1944. 

3. Ikiilcy, V. NAF., 53, 1931. 

4. Finley, Jr., R. B. Univ. Kansas Mus. Nat. Hist., Publ. 10: 213-552, 1958. 

5. Burt, W. H. Univ. Michigan Mus. Zook, Misc. Publ. 39, 1938. 



28 o 


MAMMALIAN REPRODUCTION 


Rheomys thomasi Dickey 

There is a February record of a female with a single 35mm. embryo (i). 
I. Burt, W. H., and R. A. Stirton. Univ. Michigan Mus. ZooL, Misc. Publ. 117, 1961. 


Cricetus cricetus L. 
HAMSTER 


The gestation period for this species is 20 to 22 days (1), and the litter 
size ranges from 4 to 18, but is usually from 6 to 12 (2). The testes are 
active in March and resting in September (3). 

I. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 

3. Petzsch, H. Kleinticr. u. Pelztier., 12(1): 1-83, 1936. 

3. Kayser, C., and M. Aron. CRSB., 129: 225-226, 1938. 


Cricetulus barabensis Pallas 
CHINESE HAMSTER 


The estrous cycle of the Chinese hamster lasts for 4 days, with an average 
of 4.3 ±: .08 days, and there is no restricted breeding season. The vaginal 
smear resembles that of the rat and mouse, but the stages are more definite. 
Epithelial cells are present for 2 to 3 days, nucleated epithelial cells only for 
less than i day, and cornified cells for 1^2 to 2 days, with ovulation toward 
the end of this stage. The proestrous stage lasts V2 day, estrus 1^2 days, and 
diestrum or metestrum 2V2 days. Ovulation is spontaneous, and the corpus 
luteum suffers a precipitous decline after 2 days of diestrum, in contrast to 
the condition in the rat and mouse. The mature follicle measures 0.45 mm. 
in diameter (1). 

Females reach puberty at 8 to 12 weeks. In general, those born in the spring 
mature earlier than those born in the autumn. The gestation period is 20.5 
days. In a large series the litter size varied from i to 10, with a mean of 
4.6 ±: .02 and a mode of 5 (2). 
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The ovaries resemble those of the rat and mouse. They are bean shaped 
and are completely enclosed within a fibrous capsule. The oviduct is long 
and much coiled. The uterus is bicornuate, and the horns fuse just above 
the cervix. The clitoris is large and it is perforated by the urethra (i). 

The proestrous vaginal orifice is pink to red, smooth, and moist. At estrus 
the area is lighter, but the clitoris forms a darker red spot. In metestrum the 
swelling is still apparent but the prominent ridge about the orifice when it 
is spread laterally has disappeared. In diestrum the lumen is tightly closed; 
the clitoris is dry, scaly, and lightly tinted. The placental sign is evident in 
the vaginal smear on the fourteenth day of pregnancy (2). 

During diestrum the uterine mucosa has a low-columnar epithelium, leuco¬ 
cytes are present in the stroma, and the glands are inactive. In proestrum 
the epithelium is the same as in diestrum, but no leucocytes can be found 
and the glands are secreting. In estrus the epithelial cells are tall and ap¬ 
parently pseudostratified. The glands are emptying, and, toward the end 
of this stage, leucocytes make their way into the stroma (i). 

In some specimens sent from China a series of large glandular bodies about 
1.5 to 2.0 mm. in diameter were present in the uterus on the mesometrial 
side. From 8 to 10 were found in each cornu, and as they closely resemble 
corpora lutea it is believed that they may have a glandular function (i). 

1. Parkes, A, S. PRS., 108B: 138-147, 1931. 

2. Yerganian, G. J. Nat. Cancer Inst., 20: 705-721, 1958. 


Cricetulus triton de Winton 


In the laboratory this hamster breeds from February to September and 
has 4 litters a season. Puberty is reached at 2 months. The litter size is 
from 6 to 7, and the gestation period lasts 17 to 18 days (i). In the London 
zoo litters have been from i to 5, mean 3 (2). The testes are enormous, 
up to one-fifth of the body weight (3). 

1. Tupikova, N. V., and S. M. Kulogin. ZZ., 31: 476-478, 1952. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Loukashkin, A. S. JM., 25: 170-177, 1944. 

Cricetulus eversmanni Brandt. This hamster usually has 2 litters of 4 to 6 
young during the summer (i). 
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C. migratorius Pallas. This mouse breeds all the year and the litter size, 
mean 6.5, varies little with the season. There is a tendency for more embryos 
to be carried in the left uterus (2). In the south part of its range 2 litters 
a year, sometimes more, are usual. They breed at about a year old and have 
3 to 10 young, usually 6, after a gestation of 11 to 13 days (i). 

1. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saiigeticre in der 
Schutzwaldzone. Berlin, 1956. 

2. Semenov, M. Y. ZZ., 40: 1743-1745, 1961. 


Mesocricettis auratus Waterhouse 
GOLDEN HAMSTER 


The Syrian hamster first comes in heat at 7 to 8 weeks of age (1) or at 
a weight of 60 g. The vaginal introitus is established at 10 to 15 days and 
puberty sets in at 33 to 38 days. Sexual cycles cease when the females are 
400 to 500 days old (2). The first postovulatory vaginal smear may be 
detected at 28 to 37 days, when the hamsters weigh 40 to 60 g. Three of 14 
first cycles were found to be nonovulatory. The females are polyestrous and 
come in heat at any time of year, though pregnancies are infrequent frotn 
October to March. The failure in reproduction seems to he due to the male 
rather than the female, and better reproduction can be obtained during the 
winter by exposing the animals to an increased amount of light. The estrous 
cycle lasts for 4 days with little variation, but a mated female that docs not 
become pregnant experiences pseudopregnancy, which lasts 7 to 13 days, 
usually 9 to to days, mean 9.6 ±: ,2 days (1, 4, 5). The cycle length averages 
95 hours, of which cstrus comprises 27.4 hours (6). Mating is nocturnal and 
usually occurs after 10 p.m. (1) or 8 p.m. (7), but it is also frequent before 
9 A.M. (8). Ovulation is usually a few hours later. The bicornuate copulation 
plug is extruded rather soon, as a rule. There is no post parturient heat or 
ovulation, and, if the female is lactating, heat does not occur during this 
period. 

The litter size varies from i to 12 (9), with 6 and 7 as the modal size (i). 
One set of records gave 6.3 as the mean, with a rise in number to the 
third and fourth litters, then a slight reduction for the fifth (10), Few fe¬ 
males have more than 3 or 4 litters; subsequently they abort or do not become 
pregnant although they may come in heat regularly. The duration of preg- 



RODENTIA 


283 


nancy is 16 days (9), though it may last as long as 19 days (ii). In another 
investigation the mean gestation length for month-old females was 373 
hours. It rose to 402 hours with 14-month-old females (12). The secondary 
sex ratio was 54.7 per cent males (i). Blastocysts sexed at 80 to 90 hours 
after mating by the metaphase chromosomes gave a sex ratio of 64.3 per cent 
males (13), 


THE FEMALE 

The ovaries are small and completely encapsulated. The ovum is 60 
to 63 /A in diameter and the ripe follicle, 690 to 780 fi (9). Across the zona 
pcllucida the diameter of the ovum is 72 (14). At heat the theca interna 

becomes very congested, and 10 to 13 follicles usually rupture at this time. 
The corpora lutea develop rapidly, and those of the normal cycle decline 
precipitously after about 3 days, in contrast to the condition in rats and mice. 
In this type of corpus luteum, which appears to be nonfunctional, the lutein 
cells do not increase much in size. In the pseudopregnant corpus luteum 
the lutein cells are larger and vascularization is much greater. Regression 
sets in at 7 days. There are differences in the sizes of the various types of 
corpora lutea: 

Size of corpus luteum of cycle 700 fx 

Size of corpus luteum of pseudopregnancy 820-860 /x 
Size of corpus luteum of pregnancy 900-1,000 

Regression of the corpus luteum of pregnancy is rapid after parturition (9). 

The vagina may be divided into two parts: that comprising i cm. from 
the vulva, and the upper portion. The lower portion is continually growing 
cornified cells, which fill two lateral ventral pouches. If the region is 
squeezed, these cells may be extruded as two leallike processes at any time of 
the cycle. Accordingly, the vaginal smear is not a good indication of the re¬ 
productive state. The epithelium of the upper vagina contains many mucous 
cells which are shed in large numbers after heat. In this region there are re¬ 
markable epithelial growths during heat. These consist of epithelial villi 
with 3 to 8 layers of cornified cells covered with irregular foliations of epi¬ 
thelial cells with oval nuclei. After ovulation these masses are shed and 
polymorphs invade the region. After mating the desquamated area regener¬ 
ates and becomes covered with columnar cells which mucify (9), 
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The vaginal smear has received considerable attention. No fewer than 
nine complete accounts have been found (2, 6, 7, 15-20). Some workers 
have found that the smears have little reliability; others consider that the 
smear carefully taken from the upper vagina is a reliable indication of the 
reproductive state. One account (18) gives the changes as follows: 

Stage I. Proestrum. Sudden appearance of nonnucleated scales, some nu¬ 
cleated epithelial cells, no leucocytes. The corpus luteum of the cycle is de¬ 
generating. This stage lasts from 3 to 6 p.m. of day i. 

Stage II. Estrus. Nucleated epithelial cells, columnar and oval, also 
elongated ones. Many are vacuolated and granular. A few nonnucleated 
scales. This from the early evening of day i into the morning of day 2. By 
7 or 8 A.M. of day 2 the rupture points of the follicles are closed. The ovum 
is in the upper part of the oviduct, but its cumulus is still adherent. 

Stage III. Metestrum. Leucocytes. The number of epithelial cells gradually 
decreases. By 7 or 8 a.m. of day 3 the corpora lutea arc well established. 

Stage IV. Mete strum. Fewer leucocytes and nucleated epithelial cells. Most 
of the latter are pycnotic and degenerating. By the morning of day 4 the 
ova are in the lower part of the oviduct and the cumulus has disappeared. 

The evening before heat and on the day of heat the smear is sticky, chang¬ 
ing to waxy (8). All the ova are not shed together, but the most favored 
time is i a.m. Fertile matings may occur as early as 6 p.m. of day r and as 
late as 9:30 a.m. of day 2 (18). In this account the day of proestrum is re¬ 
garded as day i. Inseminations made at the time of ovulation resulted in 
97 per cent fertilized ova. By 6 hours the number had dropped to 60 per 
cent. Following this the reduction was very rapid—only 9 per cent at 9 
hours and none at 18 hours. After the fertilizing capacity had been com¬ 
pletely lost, 75 per cent of the ova extruded their second polar bodies and 
formed pronuclei, but cleavage was very rare (21). Under controlled light 
conditions most ovulations occurred from 8 to 9 hours after the onset of 
heat (22). Copulation neither hastened nor delayed the time. 

The ova are not capable of being fertilized until a few hours after they 
have been shed (23). This might, however, be due to the need for capacita- 
tion of the spermatozoa. They are in the mid and caudal third of the ampulla 
at 2 to 10 hours after ovulation (23). The spermatozoa reach the oviducts in 
less than 30 to 60 minutes. Two to 4 hours are required for capacitation. The 
male is capable of mating 50 times in an hour, but there are no spermatozoa 
in the first 5 copulations (24). The spermatozoa retain their fertilizing power 
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in the female tract for about 7 hours. There is a precipitous decline after 5 
hours. The ova remain fertilizable for a few hours only (25). 

The oviduct opens in a papilla at the tip of the uterine horn. There is no 
sphincter, and the utero-tubal junction is closed by absorption of fluid by the 
mucosal connective tissue. The tubular and uterine epithelia show cyclical 
changes resembling those in the rat and mouse. During heat and early 
metestrum many leucocytes are in the mucosa of the tubal opening (26). 

Ovariectomy between ti and 13 days of pregnancy results in abortion. 
Progesterone alone fails to continue the gestation, but if estrogen is given 
simultaneously it goes on to term. If the uterus is removed from the eighth 
to the thirteenth day of pregnancy, estrous cycles are resumed, but if the 
embryos only are removed and the placentae retained, cycles are in¬ 
hibited (27). 

If estrogens are injected into the spayed female, completely cornified 
vaginal smears are produced, a condition never found in the normal female 
(but see above for conditions in the upper vagina). Progesterone has very 
little effect upon uterine histology (19). 


THE MALE 

At 5V2 weeks of age most seminiferous tubules contain spermatozoa but 
they have not yet appeared in the epididymis. At 21 months senile changes 
arc evident in the testes. There is a breakdown of the cytoplasm of the germ 
cells. They disappear or become cystlike. The interstitial cells become fewer. 
Later, the tubules fill with connective tissue but some may be found with 
spermatozoa (28). 

In the male the pituitary gland contains more basophils than acidophils. 
This is the reverse of the condition in the female (29). In the female neutro¬ 
phils and basophils appear in May. Acidophils are most active in June. Their 
number is depressed in summer but it increases in the fall (30). 

1. Bruce, H. M., and E. Hindic. PZS., 361-366, 1934 - 

2. Kupperman, H. S., R. B. C/reenblatt, and L. Q. Hair. AR., 88: 441-442, 1944* 

3. Shnider, S. M., and I. M. Thompson. Trans. Roy. Soc. Canada, 46(Proc.): 158, 
1952. 

4. Kent, G. C, and G. Atkins. PSEBM., loi: 106-107, 1959. 

5. White, G. V. S. f. Tennessee Acad. Sci., 24: 216-219, 1949. 

6. Kent, G. C., and R. A. Smith. AR., 92: 263-270, 1945. 
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7. Sheehan, J. F., and J. A. Bruner . Turtox News, 23: 65-78, 1945. 

8. Ward, M. Personal communication, 1945. 

9. Deanesly, R. PZS., 108A: 31-37, 1938. 

10. Foote, C. L. AR., 120: 760-761, 1954. 

11. Ben Menahem, H. Arch. Inst. Pasteur, Algiers, 12: 403-407, i 934 * 

12. Sodcrwall, A. L., H. A. Kent, Jr., C. L. Turbyfill, and A. L. Britenbaker. J. Geron- 
tol., 15: 246-248, i960. 

13. Sundcll, G. J. Ernbryol. Exp. Morphol., 10: 58-63, 1962. 

14. Knigge, K. M., and J. H. Leathern. AR., 124: 679-707, 1956. 

15. Mello, M. I. Rev. Brasil Biol., 9: 433-438, 1949- 

16. Roig, C. E. Rev. Soc. Argentina Biol., 36: 363-368, i960. 

17. Comeaux, H. J. A. J. Tennessee, Acad. Sci., 24: 272-284, 1949. 

18. Ward, M. AR., 94: 139-161, 1946. 

19. Peczenik, O. JE., 3: 157-167, 1942-4. 

20. Kent, G. C., and J. P. Mixner. PSEBM., 59: 251-253, 1945. 

21. Yanagimachi, R., and M. C. Chang. J. Exp. Biol., 148: 185-204, 1961. 

22. Harvey, E. B., R. Yanagimachi, and M. C. Chang. J. Exp. Zool„ 146: 231-236, 
1961. 

23. Strauss, F. J. Ernbryol. Exp. Morphol., 4; 42-56, 1956. 

24. Chang, M. C., and D. SheafTer. J. Hered., 48: 107-109, 1957. 

25. Bentley, A. J., and A. L. Sodcrwall. J. Gerontol., 8: 373 “ 374 ) ^ 953 * 

26. Bogle, B. RSZ., 66: 211-227, 1959. 

27. Klein, M. PRS., 125B: 348-364, 1938. 

28. Spagnoli, H. B., and H. A. Charipper. AR., 121: ii 7 -i 39 > i 955 - 

29. Serber, B. J. AR., 131: 172-191, 1958. 

30. Mogler, R. K. Zeit. f. Morphol. Okol. Tiere, 47: 267-308, 1958. 


Mesocricetus ruddei Nchring. The mean litter size in this hamster is 
13.5. Litters tend to be smaller in summer (i). 

I. Semenov, M. Y. ZZ., 40: 1743-1745, 1961. 


Mystromys albicaudatus A. Smith 


This species bears a litter of 2 to 5 young after a gestation of about 37 
days (i). 

I. Jameson, H. L. Ann. Mag. Nat. Hist., 8(14): 455-474,1909. 
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NESOMYINAE 

Macrotarsomys bastardi Milne-Edwards and Grandidier 


This Madagascar gerbil probably breeds in the rainy season. A female 
with 2 embryos was captured (1). It breeds all year-round, has 2 to 3 young, 
usually 2, after a gestation of about 24 days (2). 

1. Webb, C. S. The Odyssey of an Animal Collector. New York, 1954. 

2. Letellier, F., and F. Fetter. Mammalia, 26: 132-133, 1962. 


MICROTINAE 

Dicrostonyx groenlandictis Traill 
COLLARED LEMMING 


In captivity this lemming has an extended season, at least from March 
to September (i). In the wild, the rule seems to be one or two litters, ac¬ 
cording to climatic conditions. These are born at approximately an interval 
of one month, at the end of June and of July (2). Puberty is reached in 
the female at 25 to 30 days old and the vagina becomes perforate at from 25 
to 27 days (3). The gestation period is 19 to 21 days, with some delay in im¬ 
plantation if the female is lactating (4). The litter size has ranged from i 
to 7, with 2 to 5 the most common numbers. This scries gave an average of 
3.4 ih .2, and the litter sequence had little influence on the number (4). In 
the wild, 3 to 5 appears to be usual (5), but litters up to 9 have been re¬ 
corded (6). 


1. Degerbdl, M., and U. Mdhl-Hansen. Medd. om Grdnland, 131(11): 1-40, 1943. 

2. Kolthoff, G. Kungl. Svenska Vetansk. Akad. Handlingar, 36(9), 1903. 

3. Hansen, R. M. Arctic, 10: 105-117, 1957. 

4. Manning, T. H. Arctic, 7: 36-47, 1954. 

5. Smith, D. A., and J. H. Foster. JM., 38: 98-115, 1957. 

6. Barkalow, Jr., F. S. J. Elisha Mitchell Sci. Soc., 68: 199-205, 1952. 
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Dicrostonyx rubricatus Richardson 


In northeastern Siberia this lemming breeds throughout the year (i), 
as it does also on Southampton Island (2). In the Hudson Bay region the 
breeding season is over by mid-August. A post-partum heat is probable (3). 
The gestation period is from 21 to 22 days (4). The litter size is variable, 
from 2 to II, with 3 to 8 the most usual range. 

1. Allen, J. A., and N. G. Buxton. AM., 19: 101-184, 1903. 

2. Sutton, G. M., and W. J. Hamilton, Jr. Mem. Carnegie Mus., 12(2): i-iii, 1932* 

3. Preble, E. A. NAF., 22, 1902. 

4. Morrison, P. R., F. A. Ryser, and R. L. Strecker. JM., 35: 376-386, 1954. 


Dicrostonyx torquatus Pallas 

More than one litter a year is usual. The litter size of young born in the 
wild was 3.9 (2 to 6), and in captivity 2.6 (r to 4). The gestation period 
was 17 days or a little more (i). In continuous warmth, i.e., at 75° F., litters 
arc smaller than they are in the wild. In cold conditions, 15^-22° F., ovarian 
atrophy occurs but spermatogenesis continues (2). 

1. Quay, W. B., and J. F, Quay. Saugetierk. Mitt., 4: 174-180, 1956. 

2. Quay, W. B. JM., 41: 74-89, i960. 


Synaptomys cooperi Baird 
BOG LEMMING 


This lemming breeds from February to November in the United States 

(1) . There is a spring peak in the breeding cycle, but some lemmings con¬ 
tinue through the autumn. The male tract retrogresses by mid-November 

(2) . In captivity breeding continues through the winter (2). The gestation 
period in the lactating females was 23 days and the mean litter size was 
3.0, mode 3, range i to 5 (2). Another series gave mean 3.2 ±: .2, range i to 

4 or 5 (3)- 
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The sperm head measures 7.7 fx (7.1-8.2) X 4.0 fx (3.9-4.1); the midpiece 
width 0.7 IX (0.6-0.8); and the tail length 92.0 /x (87.0-96.1) (4). 

1. Hamilton, Jr., W. J. Mammals of Eastern United States. Ithaca, N.Y., 1943. 

2. Connor, P. F. Michigan State Univ. Mus., Biol. Scr., i: 165-248, 1959. 

3. Coventry, A. P. JM., 18: 489-496, 1937. 

4. Hirth, H. F. J. Morphol., 106: 77-83, i960. 

Synaptomys borealis Richardson. This lemming has been found pregnant 
in May (i) and August (2). Four seems to be the usual embryo number. 

1. Munro, J. A. British Columbia Provincial Mus., Occ. Papers, 6, 1947. 

2. Rand, A. L. Canada Nat. Mus., Bull. 99, 1945. 


Lem mus trimucronatus Richardson 
LEMMING 


On Southampton Island young are born throughout the year; pregnant 
females may be found in January and the testes of males are swollen at all 
times (i). There tend to be two age groups of fetuses at all times of the year, 
according to one report, suggesting that some breed a little later than others 
(2). In northern Alaska 21 per cent of females were pregnant in June, 60 per 
cent in July, and only 5 per cent in September (2). The litter size is variable. 
In Alaska the June average was (S.t and that for September, 4.7 (2). Another 
record gave 7.3, range 4 to 9 (3); another, 7.0, range 3 to 10 (4). 

1. Sutton, G. M,, and W. J. Hamilton, Jr. Mem. Carnegie Mus., 12(2): i-iii, 1932. 

2. Bee, J. W., and E. R. Hall. Univ. Kansas Mus. Nat. Hist., Misc. Publ. 8, 1956. 

3. Ihirkalow, Jr., F. S. J. Elisha Mitchell Sci. Soc., 68: 199-205, 1952. 

4. Maepherson, A. H., and T. H. Manning. Canada Nat. Mus., Bull. 161, 1959. 

Lemmus lemmiis L. In Norway during an irruption year peaks of re¬ 
production were observed from April to early May, mid-June to July, and 
from the end of August to September (i). Considering the interest shown 
in these irruption years it is surprising that so little is known about repro¬ 
duction in lemmings. 


I. Curry-Lindahl, K. JM., 43: 171-184, 1962. 
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Clethrionomys gapperi Vigors 
RED-BACKED VOLE 


This North American vole is polyestrous and breeds from late winter 
to late fall in the wild, but throughout the year in captivity (i). There is 
a post-partum heat (2). The males attain puberty at a length of 120 to 
139 mm. (3). Copulation is very brief and several matings occur in a few 
minutes, after which the female does not desire more. The gestation lasts 
from 17 to 19 days (i). One scries of counts gave the corpora lutea as 
6.65 ±: .13; implantations, 6.2 ±: .12; and live embryos, 6.1 ±: .12. The losses 
were fewer in the larger females (4). A series of embryos from New York 
State gave a mean of 4.3 zL .08; mode 4; range i to 7 (5). The litter size 
varies from i to 8 (2). 

1. Svihla, A. Michigan Acad. Sci,, Arts and Letters, Paper ir: 485-489, 1930. 

2. Hamilton, }r., W. J. }M., 30: 257-260, 1949. 

3. Smith, D. A., and J. B. Foster. JM., 38: 98-115, 1957. 

4. Beer, J. R., C. F. MacLeod, and L. D. Frenzel. ]M., 38: 392-402, 1957. 

5. Patric, E. F, JM., 43; 200-205, 1962. 


Clethrionomys glarcoins Schreber 
BANK VOLE 


This European vole is polyestrous, with a breeding season from mid- 
April to the beginning of October. Reproduction is at a maximum in June, 
and the females usually bear 4 to 5 litters a year (1). In northwestern Scot¬ 
land breeding starts in mid-May, reaches a peak in June, and then declines 
rather abruptly (2). At the beginning of the season many females undergo 
a varying number of cycles, usually 3, before they become pregnant. Females 
born early in the season reproduce before its close (i), and the young female 
has her first litter at age 60 days (3). Puberty is at 35 days (4). The spon¬ 
taneous ovulation is near the end of heat, as copulation occurs before the 
follicles ruptuie. A hard copulation plug is formed. There is a postparturient 
heat. Implantation is delayed during lactation, and in the nonpregnant fe- 
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male lactation anestrum occurs. A winter anestrum is the rule, and the 
vagina is closed throughout this period (i). The number of young born 
varies from 2 to 8 (5), average 3.8 ±: .02 (6). The gestation period is from 
17.5 to t 8 days (7), or 20 to 30, averaging 25 days (3). This larger figure may 
include instances of lactation-delayed implantations. 

Cyclical changes in the histology of the reproductive tract are similar to 
those described for the rat and mouse. The ovaries are surrounded by a 
closed capsule. The number of corpora lutea averaged 4.4, with an observed 
maximum of 12, and the embryo count was 4.1, with an observed maximum 
of 6. The number of ovulations increases to a maximum in June and then 
falls off. The ripe follicle measures 550 to 800 fx; the ovum, 70 /a; and the 
corpus luteum, 0.8 to 1.2 mm. The maturation spindle is formed before 
ovulation, but the first division does not occur until after the follicle has 
ruptured. The uteri open into the vagina by separate cervices and are dis¬ 
tended during heat, at which time, also, intense vaginal cornification oc¬ 
curs (1). 

In the male sexual activity begins in March. The mean winter weight of 
the testes is 40 mg., and the mean summer weight 682 mg. Males born early 
in the season mature before its end, but those born later mature at the be¬ 
ginning of the next year. Regression of the testes begins in August, and 
spermatogenesis has ceased by November. The seminal vesicles are com¬ 
paratively large (8). The head length of the spermatozoon is 6.85 zb .02 /a, 
and the entire length, 86.7 zb .4 /a (9). 

1. Brambcll, F. W. R. TRS., 226B: 71-H97, 1936. 

2. Dclany, M. J., and I. R. Bishop, PZS., 135: 409-422, i960. 

3. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Siiugetiere in der 
Schutzwaldzone. Berlin, 1956. 

4. Sviridenko, P, A, ZZ., 38: 756-766, 1959, 

5. Didier, R., and P. Rode. Mammalia, 3: 111-121, 1939. 

6. Barrett-Hamilton, G. E. H. A History of British Mammals. London, 1910. 

7. Wrangel, H. V. Zeit. Saugetierk., 14: 52-93, 1939. 

8. Rowlands, I. W. TRS., 226B: 99-120, 1936. 

9. Friend, G. F. Q)MS., 78: 419-443, 1936. 


Clethrionomys nifocanus Sundevall 


In Finnish Lapland this vole is very dependent upon climatic factors. 
Males born early in the season are fecund in their first year. The adult fe- 
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males have 3 litters per season, while some of the juveniles have 2. Puberty 
in the male begins at about 20 to 24 g. weight, or, for the older ones, at 
35 39 S-f the figures for the females are similar. Births begin in mid- 

June and there are subsequent waves of births at mid-July and mid-August 
so that a post-partum heat must occur. Embryo counts range from 2 to 10, 
mean 6.0 zb .1, mode 6. Resorption is of the order of i per cent, so it is not 
an important factor in fecundity. The litter size varies with the size of the 
mother (i). In Japan the litter size is 6.4 ±: .4, mean 5, range 5 to 8 (2). 

1. Kalela, O. Suom. Tied. Toim. (Ann. Acad. Sci. Fenn.), A(4)34, 1957. 

2. Imaizumi, Y., and M. Yoshiyuki, J. Mamm. Soc., Japan, i: 67-70, 1957. 


Clethrionomys rutilis Pallas 


The young are born from early May to early September, and the young 
of the earliest litters of the year may breed in the year of their birth. This 
is at 94 per cent of their adult weight (i), but there is a series of sterile 
cycles first (2). The testes reduce in size in August (3). There is a post¬ 
partum heat (i). The litter size varies from 4 to jo. A compilation of the 
available data gives an average of 6.3 zb .2; mode 5 and 7. In northern Nor¬ 
way the mean number of corpora lutea was 9.2 and of embryos, 8.2 (2). 

1. Manning, T. H. Canada Nat. Mus., Bull. 144, 1956. 

2. Hoyte, H. M. D. J. Anim. Ecol., 24: 412-425, 1955. 

3. Bee, J. W., and E. R. Hall. Univ. Kansas Mus. Nat. Hist, Misc. Publ. 8, 1956. 

Clethrionomys occidentalis Merriam. This vole is polyestrous and breeds 
into the fall of the year (i), from May to October (2). The gestation period 
in one female was 18 days (i), and the litters have ranged in size from 
2 to 4. 

1. Svihla, A. The Murrelet, 12: 54, 1931. 

2. McNab, J. A., and J. C. Dirks. JM., 22: 174-180, 1941. 


Eothenomys 


Eothenomys fidelis Hinton. This East Asiatic species has been twice re¬ 
corded with 3 embryos (i). 
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£. \ageus Imaizumi. This Japanese species has a mean litter size of 
2.5 ± .25, range i to 3 (2). 

£. melanogaster Milne-Edwards. One and 2 embryos have been re¬ 
corded (i). 

£. smithii Thomas. In Japan the litter size is 3.2 ih .2, range 2 to 4 (2). 

1. Hinton, M. A. C. Monograph of the Voles and Lemmings (Microtinae), Living 
and Extinct. London, 1926. 

2. Imaizumi, Y., and M. Yoshiyuki. J. Mamm. Soc., Japan, i: 67-70, 1957. 


Arvicola atnphibius L. 
WATER VOLE 


This vole, which lives in Great Britain, is polyestrous, with a breeding 
season from the end of March to the end of September, but males are ready 
to reproduce in February. Animals born early in the year breed during the 
same season, but cycles in adult females at the beginning of the season may 
be infertile. There is a postparturient hear and a lactation anestrum. The 
average number of corpora lutea is 6.4, and of embryos 5.7 (i) or 5.6 (2). 
The ripe follicle is 700 in diameter. The corpus luteum reaches its maxi¬ 
mum size, 1.7 mm., fairly late in pregnancy. Large follicles arc found at all 
stages of pregnancy. The diameter of the ovum is 80 g. The uterus is dis¬ 
tended with fluid during heat (i). 

1. Perry, J. S. PZS., 112A: 118-130, 1942. 

2. Barrett-Hamilton, G. E. H. A History of British Mammals. London, 1910. 


Arvicola terrestris L. 
VOLE 


This vole is polyestrous (i) with a long breeding season extending at least 
into October (2). The number of young is usually 6 to 8 but it may be as 
high as 14. In one scries the mean litter size was 6.5. It was highest in spring 
and lowest in autumn; the summer and winter figures were intermediate 
(3). Several litters a year are produced and the young may reach puberty 
in their first summer (4). 



294 


MAMMALIAN REPRODUCTION 


1. Didicr, R., and P. Rode. Mammalia, 3: 111-121, 1939. 

2. Cantucl, P. Mammalia, 10: 140-144, 1946. 

3. Semenov, M. Y. ZZ., 40: 1743-1745, 1961. 

4. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saiigetiere in der 
Schutzwaldzone. Berlin, 1956. 


Ondatra zibethica L. 
MUSKRAT 


The muskrat is polyestrous and the breeding season varies in length with 
the latitude and climate. In Manitoba young are rarely born before mid-May 
—mostly in the last week—or early June. After this first surge of births there 
is a second smaller one almost exactly a month later, then a lesser third and 
an almost negligible fourth. Young are very rarely born after August (1). 
In southwest Idaho the season is about the same length with a peak in early 
June (2). In Iowa the season is from April to August (3); in Maryland 
the muskrat breeds at any time except possibly in November and December, 
but most young are born from mid-April to mid-September (4). In Manitoba 
the testis size increases with the approach of warm weather, but this change 
is much more pronounced in wild males than in captive ones. By mid- 
August reduction has set in and the testes are half their maximum size, but 
some spermatozoa are present as late as the third week of August (1). 
Puberty occurs at age 5 months (5). 

Views diverge as to the length of the cycle. In one account the modal length 
was 3 to 5 days, with variation from 2 to 22 days. The nucleated epithelial 
cells increase slightly in the vaginal smear during proestrum. At heat 90 
percent of cells are cornified and 7 per cent are leucocytes (i). Another 
account gives a 29-day cycle, range 24 to 34 days. In diestrum the vaginal 
smear consists largely of leucocytes with some nucleated epithelial cells. At 
the time of heat the vulva swells and sheets of cornified cells are sloughed 
off. Ovulation occurs spontaneously during heat (6). Pregnancy probably 
does not occur during the first ovulatory cycle. The vagina closes, usually in¬ 
completely, in the latter part of October (6). Each female bears at least two 
litters a year; but mature ones may produce 4 or even more (5). The litter size 
averages 6.5; it does not vary much with the season (3), though where the 
early young of the year reproduce late in the season of their birth they seldom 
produce more than 3 or 4 young (5). In Manitoba the number of young 
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born averaged 7.3; mode 6; range 4 to 10. The seasonal litter production 
was 2.7 to 2.8, and the total young about 20 to a female (7). The sex ratio 
at birth is about 58 per cent males (8). Gestation lasts approximately 28 
days (7). 

In the female gonadotrophic hormone is highest in the anterior pituitary 
in springtime and early summer, least in late summer and early winter. 
The reproductive organs of the females weigh most from March to June 
and least from July to February (9). 

The testes and male accessory organs begin to develop in February, reach¬ 
ing their greatest weight in April to May. They are smallest from Septem¬ 
ber to January (9). Spermatozoa may be found in the epididymis from April 
to October. Interstitial cells are scanty in the period of rest; they increase 
just after spermatogenesis begins and decrease after August (5). Placental 
scar counts should be used cautiously as evidence of fecundity as they persist 
for a year. The seasonal production of young appears to be about 15.5 by 
this count, and in the group studied about 3 per cent of mature females did 
not bear young (10). 

The total sperm length is 67.7 it .4 g, and die head length 5.39 it 
.04 /A (ii). 

1. McLeod, J. A., and G. F. Bondar. Canadian J. Zool., 30: 243-253, 1952. 

2. Reeves, H. M., and R. M. Williams. JM., 37: 494-500, 1956. 

3. Errington, P. L. JWM., 5: 68-89, i94i* 

4. Smith, F. R. United States Dept. Agric., Circ. 474, 1938. 

5. Miegel, B. Zeit. Mikros.-Anat. Forsch., 58: 521-598, 1953. 

6. Beer, J. R. JWM., 14: 151-156, 1950. 

7. Olsen, P. F. JWM., 23; 40-53, 1959. 

8. Errington, P. L. JM., 20: 465-478, 1939. 

9. Beer, J. R., and R. K. Meyer, JM., 32: 173-191, 1951. 

10. Beer, J. R., and W. Truax. JWM., 14: 323-331, 1950. 

11. Friend, G. F. QJMS., 78: 419-443, 1936. 


Prometheomys schaposchni\ovi Satunin 

In the Georgian Republic this vole mates in April and the young are born 
in May. It has 2 litters a year. Juveniles have litters of 3 to 4, mean 3.5, while 
adults have from i to 5, usually 4 or 5. The females reach puberty at 45-49 g. 
weight and reproduce in the year of their birth. Lactation lasts for 3 
weeks (i). 

I. Yatsenko, E. N. ZZ., 38: 916-919, i 959 - 
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Punomys lemminus Osgood 

In Peru males are in breeding condition from August onward. A pregnant 
female was taken in November with 2 fetuses, one in each horn, 23 mm. 
long. Each ovary contained an extremely large, red corpus luteum and 
several smaller, apparently functional, corpora lutea (1). 

I. Pearson, O. P. HCMZ., 106: 117--174, 1951-2. 


Neofiber alleni True 
ROUND-TAILED MUSKRAT 


This muskrat is believed to breed the year-round. The usual number of 
young is probably 3, born after a gestation of not less than 30 days (i). 

The head of the spermatozoon measures 4.9 jiA (4.2-5.i) X 3.0 /x (2.5-3.5); 
the midpiece 21.0 g. (19.1-22.0) X 0.8 (0.7-1.0); and the tail length 

70.0 (60.0-74.0) (2). 

1. Hamilton, Jr., W. J. JM., 37: 448-449, 1956. 

2. Hirth, H. F. J. Morpho)., 106: 77-83, i960. 


Phenacomys intermedins Merriam 
LEMMING MOUSE 


At Fort Churchill, Manitoba, this mouse first has its young in mid-June 
and continues into August or September. The females mostly reach puberty 
in their first summer, at 4 to 6 weeks old, when they breed, but they produce 
fewer litters than they do in their second season. The males are not fully 
mature in their first summer. The current summer females also have smaller 
litters, 3.8 young, compared with the older ones who average 5.9 young 
per litter. The overall litter size averages 4.8, range 2 to 8. The duration of 
pregnancy is 21 to 24 days (i). In western North America the mouse is 
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polycstrous (2) from April to August and the number of young varies from 
3 to 8, with 4 to 6 usually (3). Records from Kewatin give June and July 
counts of 5 and 6 embryos (4). 

1. Foster, J. B. JM., 42: 181-198, 1961. 

2. Warren, E. R. The Mammals of Colorado. Stillwater, Okla., 1942. 

3. Rand, A. L. Canada Nat. Mus., Bull. 100, 1945. 

4. Harper, F. Univ. Kansas Mus. Nat. Hist., Misc. Publ. 12, 1956. 


Phenacomys longicaudus True 
TREE MOUSE 


This mouse is polycstrous throughout the year, but mainly from late 

spring to late summer (t). Ovulation is induced. The cycle is 5.9 days, 

range i to 21 days. Nonlactating females have a 27- to 28.5-day gestation. 

If they arc lactating it may continue for 40 to 41 days (2). The number 

of young is usually from i to 3, mostly 2 (3). There is a post-partum heat (4). 

1. Benson, S. B., and A. K. Borell. JM., 12: 226-233, 1931. 

2. Hamilton, III, W. J. JM., 43: 486-504, 1962. 

3. Howell, A. B. NAF., 48, 1926. 

4. Ingles, L. G. Mammals of California and Its Coastal Waters. Stanford, Calif., 1954. 

Phenacofjiys sylvicola Howell, There is one record of 4 young found in 
April (1). 

I. Wight, H. M. JM., 6: 282-283, 1925. 


Pitymys pinctorum Le Conte 
PINE MOUSE 


This mouse breeds from January to early October, with a peak in March 
and April. The testes arc flaccid and small in late September and October; 
they begin to grow in December. At mating a yellowish, viscous vaginal 
plug is formed that lasts for 2 days or more. The gestation period is about 
21 days (i). In Indiana, October and November embryos have been reported 
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(2). In Oklahoma the females may breed all the year (3). Compilation of 
embryo counts gives a range from i to 7, mean 2.7 ±: .i, mode 2 to 3. 
Spermatozoa have been found in the epididymides of males from January 
to March and in August (4). 

1. Benton, A. H. JM., 36: 52-62, 1955. 

2. Lindsay, D. M. JM., 41: 253-262, i960. 

3. Glass, B. P. JM., 30: 72-73, 1949. 

4. Laync, J. N. AMN., 60: 219-254, 1958. 

Pitymys duodecimcostatus de Sclys-Longchamps. In France this mouse 
has been reported with 3 fetuses in April and May (i). 

P. quasiter Coues. There is an August record of i embryo for this species 
(2) and an average of 2.2, with a range from i to 4 (3). 

P. subterraneiis de Selys-Longchamps. This mouse breeds usually from 
April to September (4), but October embryos have been recorded. The 
litter size is from i to 4; mean 2.6; mode 3 (5). 

1. Carpenter, C. J. Mammalia, 10: 92-93, 1946. 

2. Davis, W. B. JM., 25: 370-403, 1944. 

3. Hall, E. R., and K. R. Kelson. The Mammals of North America. New York, 1959* 

4. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schutzwaldzone. Berlin, 1956. 

5. Grummt, W. Zool. Anz., 165: 129-144, i960. 


Microtus agrestis L. 
FIELD MOUSE 


The European field mouse is polyestrous, and in Great Britain the breeding 
season is from February and March to September and October. Breeding 
starts later, and finishes earlier, in the south than it does in the north of the 
range (i). By shortening the length of exposure to light from 15 hours to 
9 hours daily, reproduction is almost prevented, but the female is more 
affected than the male (2). The former experiences a postparturient heat; 
the gestation period is 21 days; males arc sexually mature at 6 to 8 weeks 
of age, and the females at 3 weeks (3). The average litter size in the labora¬ 
tory is 3.73, and the sex ratio at birth is 50.89 ± 2.22 per cent males (4). 

Wild field mice caught in Wales evidently reach puberty, both males and 
females, at between 12 and 20 g. Young of both sexes breed during their 
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first season if they are born early enough. The winter anestrum is accom¬ 
panied by closure of the vagina in the female and by cessation of sper¬ 
matogenesis in the male. Spermatozoa appear about a month before any 
pregnant females are found. If the female does not become pregnant at the 
postparturient heat, lactation anestrum sets in. The vaginal and uterine 
changes are similar to those found in the house mouse. At copulation a hard 
vaginal plug is formed. The average number of corpora lutea found was 
5.5 ± .2, standard deviation 1.5, and embryos 4.9 zt .2, standard deviation 

1-37 (5)- 

If the mice are kept in mixed groups, continuous heat results and ovula¬ 
tion is coitus-induced (6). Also, if the females are not mated immediately 
after parturition they come in heat at 4-day intervals and may be impreg¬ 
nated at any of these heats. The ensuing pregnancy is of the same length as 
it is in the nonlactating female (7). 

The ovum has an overall diameter of 96 /a, and, within the vitelline 
membrane, of 60 /x. The spermatozoon is 104 fx long; the head, 7 /x; and 
the midpiece, 27 At the time of ovulation a mean number of 124 sperma¬ 
tozoa are available at the site. In the sample studied a mean number of 4.1 
ova were shed by each female; 82 per cent of these were fertilized. The first 
cleavage took [)lace 24 hours after coitus and the ova passed into the uterus 
40 to 50 hours after coitus (S). 

1. I’>akcr, f. R., and R. M. Ranson. PRS., 113B: 486-495, 1933. 

2. Baker, |. R., and R. M. R.mson. PRS., iioB: 313-322, 1932. 

3. Ranson, R. M. J. Anini. k'cok, 3: 70-76, 1934. 

4. Ranson, R. M, IV.S., iiiA: 45-57, 1941. 

5. Brainbcll, F. W. R,, and K. Hall. PZS., 109A: 133-138, 1939-40. 

6. Chiity, Ik, and C. R. Austin. Nature, 179: 592-593, 1957. 

7. Chitly, H. JF., 15: 1957. 

8. Austin, C. R. J. Anat., 91: i-ii, 1957. 


Microtus arvalis Pallas 
FIELD MOUSE 


In the neighborhood of Paris this mouse is polyestrous and breeds from 
March to October. The reproductive tract is atrophied during the rest of 
the year. In warmer climates and in the laboratory reproduction continues 
in winter. In the wild the testes are large from February to October and 
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the seminal vesicles from March to October. Spermatogenesis begins in 
March (i). Mature spermatozoa are found in the testis at 35 days of age 
and in the epididymis at 40 days, while mature follicles are to be found in 
the ovary at 25 days (2). Testis weight at the time of appearance of sperma¬ 
tozoa is about 200 mg. In Germany the earliest litters have been born from 
females 33 to 34 days old, but those born in September do not mate until the 
following spring (3). The first litter is usually born at from 60 to 65 days 
old (4). 

Ovulation is spontaneous and occurs between 12 midnight and 3 a.m. 
Spermatozoa may be found in the oviduct within 15 to 20 minutes after 
mating. The young are usually born at night (r). The females experience 
a post-partum heat. Gestation lasts an average of 19 days, with a spread 
from 16 to 23 days (4). The number of young is usually 4 to 7, but it may 
be as many as 15 (4), or 53 per cent of the mother’s body weight (3). 
Litters from immature females are smaller, averaging 4.4, or, in the labora¬ 
tory, 3.8 (i). Usually a female produces 3 to 5 litters a year (5). One in 
the laboratory has produced in her lifetime 33 litters with 127 young (3). 

The mature graafian follicle measures 560 /a X 420 /a; the ovum, 50 m 
X 70 /A within the zona pellucida (6). 

1. Delost, P. Arch. Anat. Micros. Morph. Exp., 44: 150-190, 1955. 

2. Delost, P. Arch. Anat. Micros. Morph. Exp., 45: 11-47, 

3. Frank, F. JWM., 21: 113-121, 1957. 

4. Eleptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schiitzwaldzone. Berlin, 1956. 

5. Dalimier, P. Mammalia, 19: 498-506, 1955. 

6. Delost, P. Bull. Soc. Zool. France, 80: 207-222, 1955. 


MicroUts californiciis Peale 
CALIFORNIA MEADOW MOUSE 


This mouse is polyestrous all year, with most litters in late winter and 
spring and a minor peak in the fall (i). The male reaches puberty at 40 g. 
weight, and the female at 30 to 35 g., when she is 29 days old, but there is 
considerable variation (2). Ovulation is coitus-induced; stimulation of the 
cervix with a glass rod does not initiate the reaction. Accordingly the vaginal 
smear has a prolonged estrous cornified stage. Ovulation follows mating in 
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less than 15 hours. The mean litter size is 4.2, with a range from i to 9, but 
there is much seasonal variation and change with age. Pregnancy lasts for 
21 days, and there is a post-partum heat (2). In one experiment the mean 
corpus luteum count was 9.2, the mean embryo count, 4.2 =b .1, indicating 
considerable wastage of eggs and embryos during pregnancy (i). 

Large follicles measure 500 to 600 /x in diameter, and the ova 65 to 70 ft 
at ovulation. The maximal postcopulatory follicle size is 900 /x. Fertilization 
takes place in the upper oviduct; the first polar body is extruded from the 
ovum before ovulation but after coitus. The zona pellucida has usually 
been lost by the 2-cell stage, and the 16-cell stage is reached by 48 to 72 
hours—an unusually rapid rate of development. The mature corpus luteum, 
formed from both granulosa and thecal elements, measures 1,400 /x, and it 
is almost completely solid by 48 to 72 hours. In pregnancy the size increases 
to 2,000 /X or more. Involution has begun by 3 days after the young are 
born. The corpora lutca are very numerous and all are of the same age; 
many of them are “accessory”—formed after those of ovulation. In the 
young female the first cycle is a sterile one. As in many other species, 
polyovular follicles are common in the ovaries of young females (i). 

1. Grecnwald, G. S. JM,, 37: 213-222, 1956. 

2. Grecnwald, G. S. Univ. California Publ. Zool, 54: 421-446, 1957. 


Microtus guentheri Danforth and Alston 


In the field this Asiatic vole may breed the year-round in favorable 
circumstances, but late fall and winter are the usual seasons. In warmer 
districts it is almost completely sterile in summer. From May to July the 
testes are abdominal. Ovulation is coitus-induced. Puberty is reached in 
the laboratory at 25 days and older for the females and at 30 days and older 
for the males, but spontaneous copulation does not begin until 10 to 20 days 
later. The litter size varies from 3 to 14, or even 17. Fertility is maintained 
until death at 2^4 years for the females and 3 years for the males, but maxi¬ 
mum fertility is expressed in the period from 150 to 450 days. The litter 
size rises from 4.6 for the first litter to 5.6 for the sixth; then it gradually 
decreases. The average embryo number is higher in irrigated than in non- 
irrigated fields; at the height of the season it was 8.5 and 5.2 respectively (1). 

In the vaginal smear cornified cells are present at estrus and at the time of 
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induced ovulation. A massive invasion of leucocytes follows (2). Pregnancy 
urine has no effect upon the ovaries, while P.M.S. always causes follicle 
growth without luteinization. Anterior pituitary extracts produce both (3). 

At birth the ovary contains 23,000 ova; at age 4 days, 54,000. Then the 
number falls to 14,000 by 27 days, and at 75 days it is 8000 (4). 

1. Bodenheimer, F. S. Problems of Vole Populations in the Middle East. Jerusalem, 
T949. 

2. Bodenheimer, F. S., and F. Sulman. Ecol., 27: 215-216, 1946. 

3. Zondek, B., and F. Sulman. PSEBM., 43: 86-88, 1940. 

4. Bodenheimer, F. S., and W. Lasch. Stud. Biol. Hist. Jerusalem, i: 9-23, 1957. 


Microtus montanns Peale 


This vole is polyestrous but it does not breed in winter (i), except per¬ 
haps in Utah (2) and other more southerly states. The females first mate 
at 21 days (2) and the males reach puberty at 33 to 45 days (3). There 
is a post-partum heat and gestation lasts 20.5 to 21 days. The litter size 
averages 4.5, range 3 to 6 (3); or 2 to 8, mode 5 and 6, mean 6.3 (4). The 
vulva is sealed in the nonbreeding season (3). 

The adrenals of sexually active males are smaller than those of inactive 
males. In the females the reverse is found (5). 

1. Orr, R. T. Mammals of Lake Tahoe. San Francisco, 1949. 

2. Bailey, V. NAF., 55, 1936. 

3. Seidel, D. R., and E. S. Booth. Walla Walla Coll., Dept. Biol. Sci., Publ. 29, i960. 

4. Hall, E. R. Mammals of Nevada. Berkeley, Calif., 1946. 

5. McKeever, S. AR., 135: 1-5, 1959. 


Microttis ochrogaster Wagner 


This vole of midwestern North America is polyestrous and breeds year- 
round, but most pregnancies are found in August and September and fewest 
in December and January. Most females breed before they are 6 weeks 
old, although those born in October wait until they are 15 weeks old (i). 
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In Ohio the females breed at over 12.5 cm. body length, at a weight of 
20.5 g. and over (2). The gestation period is 21 days, or a little less, and 
the mean litter size is 3.4 ±; .75 (3). The average female has 4.1 litters a 
year. The mean litter size in this group was 3.2 zb .24, mode 3, range i to 
6 (t). Another count gave 4.7 placental scars and 3.5 embryos and fetuses; 
this suggests considerable wastage, but the sample was small (4). Another 
group gave a highest embryo count in March, when it was 3.9, with an 
average for the year of 3.4. In February 90 per cent of males had spermatozoa 
in their testes, and in March 77 per cent of the females were reproducing (5). 

The dimensions of the sperm head are 7.9 /a (7.8-8.3) X 4.9 /a (4.7-5.0); 
those of the midpiece, 21.8 /x (21.0-23.0) X 0.8 /a (0.7-0.9); and the tail length 
is 86.5 /A (89.0-91.1) (6). 

r. Martin, E. P. Univ. Kansas Mus. Nat. Hist., Publ. 8: 361-416, 1954-6. 

2. Dc Coursey, Jr., G. E. IM., 38: 44-52, 1957. 

3. Fitch, II. S. Univ. Kansas Mus. Nat. Hist., Publ. 10: 129-161, 1957. 

4. Layne, J. N, AMN., 60: 219-254, 1958. 

5. Jamison, E. W. Univ. Kansas Mus. Nat. Hist., Bull, i: 125-151, 1947. 

6. Hirlli, H. F. J. Morphol., 106: 77-83, i960. 


Microttis oeconomus Pallas 


This northern vole has a restricted season that ends about the last week 
of August. Puberty in the females is reached at about 9 to 10 cm. head 
and body length (i). The first heat is at about 40 days of age (2). The 
species is polyestrous and ovulation is spontaneous. The cycle length varies 
from 6 to II days and the vaginal smear is similar to those of the rat and 
mouse (i). The average litter size (embryos) is 7.5 (3), or 5.1, range 4 to 
8 (2). The females probably lose their litters if they are lactating (i). Gesta¬ 
tion is 20 to 21 days, and there is a post-partum heat (4). 

1. Hoyte, H. M. D. J. Anim. Ecol., 24: ^12-^2% 1955. 

2. Frank, F., and K. Zimmermann. Zeit. f. Siiugctierk, 21: 58-83, 1956. 

3. Bcc, J. W., and E. R. Hall. Univ. Kansas Mus. Nat. Hist., Misc. Publ. 8, 1956. 

4. Linn, I. In A. N. Wortlcn and W. Lane-Pettcr, eds.. The UFAW Handbook on 
the Care and Management of Laboratory Animals. London, 1957. 
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Microtus oregoni Bachman 
OREGON CREEPING MOUSE 


This mouse is polyestrous and breeds from early March until mid- 
September, but occasionally later; fertile females have been taken until 
November 23. The vulva is closed during the winter anestrum. Puberty 
is reached in females at 22 to 24 days and in males at 34 to 38 days, but 
the age varies with the season. No pregnancies are found until the females 
are at least 42 days old. There is a sterile period between the first heat and 
conception. The number of embryos varies from i to 5, mean 3.1, in wild- 
caught females, and the mean number of births in captivity is 2.8. In 
each group 3 was the mode. The number increases with litter sequence. 
Pregnancy lasts 23 54 to 25 days and there is no indication that lactation 
prolongs it. A post-partum estrus occurs frequently but not always. Among 
78 implantations 49 were in the right horn of the uterus and 29 in the left. 
One female had 6 litters in 320 days during a season artificially prolonged 
by suitable light and heating conditions (i). 

I. Cowan, I. McT., and M. G. Arsenault. Canadian }. ZooL, 32: 198-208, 1954. 


Microtus pennsylvanicus Ord 
FIELD MOUSE 


This field mouse is polyestrous and breeds all the year round in the labora¬ 
tory. In the wild it tends not to breed in the winter except in the south or 
in warm conditions. The females reach puberty and begin to breed at 25 
days of age; the males at 45 days. In captivity the begin to breed before 
they are half grown (i). At Churchill, Manitoba, where the breeding season 
is restricted from late April or early May to August, at which time the 
testes regress, puberty is reached in both sexes at about 146 mm. body 
length, i.e., in the season following that of their birth (2). In a Minnesota 
winter during which there was no snow cover, reproduction ceased from 
November to March. In a year with snow cover the mice reproduced 
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throughout the yean Females over no mm. long produced litters at the 
rate of 10.7 a year. In this sample embryo counts averaged 5.7, range i to ii. 
The calculated mean litter size at birth was 5.2 and it increased with the 
size of the mother. In females, 90 to 94 mm. was the lower range of size 
for fecundity. Testes descended at 65 to 69 mm. and above, but the males 
were not usually fecund until they were over 100 mm. long (3). A female 
can have as many as 17 litters in one year (t). In a series taken in the 
wild the average number of embryos was 5.4., which represented 85 per 
cent of the eggs shed. Recognizable fetal resorption occurred to the extent 
of 3.6 per cent of the embryos, the modal number of which was 5. Combina¬ 
tion of these data with another series (4) gives the following figures for 
fetal litter size: mean 5.5 ±: .06, standard deviation 1.55, mode 5, range 
I to IT. Findings for another series were: corpora lutea 6.1 ±: .1; implanta¬ 
tions 5.7 ±: .1; and live embroys 5.6 ±: .1. The extent of loss decreased with 
increasing size of the mothers but there was no well-defined seasonal trend 
(5). The average litter size increases to the fifth litter and then declines (6). 

The ovaries are enclosed in a capsule, and the corpora lutea are salmon- 
colored. The vulva perforates at the first heat and is closed between heats. 
The clitoris is prominent. Copulation is rapid, and a vaginal plug is formed 
which lasts for 2 days. Cx)pulation will take place immediately after parturi¬ 
tion, and suckling does not lengthen the consequent gestation, which lasts 
2T days or a little less. Low temperature alone does not interfere with breed¬ 
ing in winter. (7). 

During heat the vaginal epithelium cornifies, and the copulation plug 
is lined with cells of this type, which break away from the wall. Changes 
in the smear are typical of the rat and mouse, and leucocytes invade the 
vagina soon after the end of heat. Corpus luteum formation is typical, but 
the amount of liquor folliculi which is retained seems to be unusually 
large (8). 

The male has a well-defined scrotum, but the testes are often partly re¬ 
tracted. The seminal vesicles are large and directed cephalad for two thirds of 
their length, then they turn ventrally and caudally. The prostate is large 
and compound, with well-marked lobes. The bulbo-urethral glands are small 
and somewhat pear-shaped. Preputial glands are present, but small (6). 


1. Bailey, V. J. Agric. Res., 27: 523-536, 1924. 

2. Smith, D. A., and J. B. Foster. JM., 38: 98-115, 1957. 

3. Beer, J. R., and C. F. MacLeod. JM., 42: 483-489, 1961. 

4. Coin, O. B. JM., 24: 212-223, 1943. 

5. Beer, J. R., C. F. MacLeod, and L. D. Frenzcl. JM., 38: 392-402, 1957. 
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6. Policy, S. M. JM., 30: 317-318, 1949. 

7. Hamilton, Jr., W. J. Cornell IJniv. Agric. Exp. Sta., Mem. 237, 1941. 

8. Ascicll, S. A., and W. J. Hamilton, Jr. Unpublished work. 

Microtus chrotorrhinus Miller. The rock vole breeds from early spring 
to midautumn (i). The litter size varies from 2 to 5, with a mean of 
3.6 zb .2 embryos (2). 

M. gregalis Pallas. This vole breeds during the warm parts of the year. 
The litter size is usually 7 to 9, but it may be as high as 15 (3). 

M. incertiis de Selys Longchamps. This mouse breeds throughout the 
year. It usually has 2 or 3 young, range 1 to 4 (4). 

M. longicaiidus Merriam. In the Yukon 3 to 6 young arc born in the 
warmer months (5). In New Mexico pregnancies have been noted in April 
and August (6), and the usual season is from May to October, at least. 
Embryo counts varied from 2 to 8, with 5 and 6 the mode, and 5.6 the 
mean (7), 

M. mexicanus Saussure. This vole is polyestrous (8), and the season is at 
least from May to the end of August. The interval between litters is about 
30 days and the average number of young is 3 (9), or 2.7, mode 3 (ro). 

M. miurus Osgood. In Alaska this species, the singing vole, ceases to 
breed in August or a little later. The testes arc large before late June. The 
females reach puberty at a length of 131 mm. and the average litter size 
at the height of the season is 8.2 embryos (it). 

M. montebelloi Milne-Edwards. In Japan the average litter was 5.0 ± .26, 
range 3 to 8 (12). 

M. mordax Merriam. This Rocky Mountain meadow mouse is poly¬ 
estrous and breeds from May to September (8). The litter size is 2 to 8, 
usually 4 to 5, mean 4.1 zb ,4, The female becomes pregnant when she is 
less than half grown (13). 

M. nanus Merriam. The dwarf meadow mouse is polyestrous; the litter 
size varies from 4 to 10 (8), but is usually 6 to 8 (14). 

M. nivalis Martins. In France this species is polyestrous, bearing 2 or 3 
litters a year; the number of young is usually 3 or 4 (15). 

M. operariiis Nelson. In the Yukon this species has 2 or more litters a 
year, averaging 6 young, born in the warmer months (5). 

M. orcadensis Millais. In the laboratory the Orkney vole had a mean 
litter size of 2.7; the highest was 8. The number rises with age to 22 to 33 
weeks and then falls. The average age at first litter was 148 zb ii days 
and the median, 123 days (16). 
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M. richardsoni De Kay. The water vole has been recorded with 4 to 7 
embryos (14). The mean is 5, born from late June to late September (17). 
The males are sexually active at 28 g. weight and the females at 34 g. (18). 

M. sikXimensis Hodgson. This vole has been recorded as having 3 to 
4 young (19). 

A/, socialis Pallas. This vole breeds from early spring into winter, but 
mostly from early spring to early summer and then in the fall. Up to 
9 young are produced each 30 to 35 days, with 3 to 5 litters a year and a 
gestation of 19 to 20 days. The young are capable of breeding at 45 to 60 
days old (3). 

Af. townsendii Bachman. The litter size averages 4, range i to 9, born 
from March to September (20). 

M. xanthognathus Leach. In the Yukon this vole has up to ii young to 
a litter (5). 

A/. (Pedomys) Ittdovicianus Bailey. This vole breeds from late March 
to October and has 2 to 5 young (i). 

Af. (Phaiomys) blythi Blanford. One record gives 6 young (19). 

1. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

2. Coventry, A. P. JM., 18: 489-496, 1937. 

3. Heptner, W. G., L. G. MorosowaTurowa, and W. I. Zalkin. Die Saugetiere in der 
Schiitzwnldzone. Berlin, 1956. 

4. Latastc, F. Act. Soc. Linn. Bordeaux, 40: 293-466, 1886. 

5. Rand, A. L. Canada Nat. Mus., Bull. 100, 1945. 

6. Holdenried, R., and H. B. Morlan. AMN., 55: 369-381, 1956. 

7. Hall, F,. R. Mammals of Nevada. Berkeley, Calif., 1946. 

8. Bailey, V. NAF., 53, T931. 

9. Davis, W. B. JM., 25: 370-403, 1944. 

10. Baker, R. H. Univ. Kansas Mus. Nat. Hist., Publ. 9: 125-335, 1956. 

11. Bee, J. W., and E. R. Hall. Univ. Kansas Mus. Nat. Hist., Misc. Publ. 8, 1956. 

12. Imaizumi, Y., and M. Yoshiyuki. J. Mamm. Soc., Japan, i: 67-70, 1957. 

13. Barnes, C. T. Utah Mammals. Salt Lake City, Utah, 1927. 

14. Bailey, V. NAF., 55, 1936. 

15. Didier, R., and P. Rode. Mammalia, 3: 19-37, ^ 939 - 

16. Leslie, P. H., J. S. Tcncr, M. Vizoso, and H. Chitty. PZS., 125: 115-125, 1955. 

17. Cowan, I. McT., and C. F. (juinguet. British Columbia Provincial Mus., Handbook 
II, 1956. 

18. Negus, N. C., and J. S. Findley. JM., 40; 371-381, 1959. 

19. Blanford, W. T. Fauna of British India, Mammals. London, 1888-91. 

20. Orr, R. T. Mammals of Lake Tahoe. San Francisco, 1949. 
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Lagurus curtatus Cope 
SAGEBRUSH VOLE 


This vole breeds all the year round (i), even at an elevation of 9,800 ft. (2). 
It mates again almost immediately after a litter is born. The litter size varies 
from I to II, with 6.4 the mean (3), or 6.3, with a mode of 6 and 7 (i). 
The gestation lasts from 24 to 26 days (3). 

1. Johnson, M. L., C. W. Clanton, and J. Gerard. The Murrelet, 29: 44-47, 1948. 

2. Dunmire, W. W. JM., 42: 489-493, 1961. 

3. James, W. B., and E. S. Booth. Walla Walla Coll., Publ. i: 23-43, 1952. 


Lagurus lagurus Pallas 

This vole breeds in the warm parts of the year, and even in winter (i). 
Puberty is reached in both sexes at about 20 to 25 days, but if there is a 
drought the summer-born young do not reach puberty until autumn (2). 
Up to 7 litters a year may be produced, usually 4 or 5, and the mean is 6, 
with a range from 2 to 11.The gestation lasts 20, range 15 to 23 days (i). 

1. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schutzwaldzone. Berlin, 1956. 

2. Kryltsov, A. I. ZZ., 36: 1239-1250, 1957. 


Elio bins talpinus Pallas 
MOLE-LEMMING 


This species is polyestrous and breeds all year. It begins to reproduce at 
90 days old. The duration of pregnancy is 26 days and the interval between 
litters is 34 to 36 days. In the south the litter size averages 3.9, and in the 
north 3.2 (i). 

I. Zubko, Y. P., and S. I. Ostryakov. ZZ., 40: 1577-1579, 1961. 
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GERBILLINAE 
Gerbillus simoni Lataste 
GERBIL 

This gerbil from Algeria is polyestrous and breeds throughout the year. 
The female usually comes in heat during the afternoon or evening and is 
out of heat next morning. The cycle is said to last about to days. A vaginal 
plug is formed after copulation. Gestation lasts 20 to 21 days, usually 20. 
The mean litter size is 4.7, range i to 7. There is a post-partum heat. Puberty 
in the female is at about 2 months and in the male at 60 days or more (i). 
If the female is suckling and becomes pregnant, implantation of the em¬ 
bryos is delayed (2). More information is needed on this species since the 
records of a lo-day cycle were made when pseudopregnancy had not yet 
been recognized. The cycle in the unmated gerbil may be shorter. These 
remarks also apply to other species of gerbils investigated by Lataste. 

1. Lataste, F. Act. Soc. Linn. Bordeaux, 40: 293-466, 1886. 

2. Lataste, F. CRSB., 43: 21-31, 1891. 

Gerbillus campestris Levaillant. This gerbil is polyestrous and has a cycle 
of about TO days (i). Gestation is less than 28 days (2). 

G, cheesmani Thomas. In the wild a specimen with 3 embryos is recorded 
for September (3). 

G. dusyurus Wagner. This species has been reported twice with 4 embryos 
each, in February and October (4). 

G. gerbillus Olivier. In the London zoo this species has had from 3 to 5 
young in April, May and June (5). 

G. pyramidium Geoffrey. This species is polyestrous and has a lo-day 
cycle (i). In the London zoo litters of 2 and 5 young, born in August, 
have been recorded (5). Gestation is 25 days (2). 

G. quadrimaculatus Lataste. There is a record of a female with 4 
young (6). 

G. swalius Thomas and Hinton. The litter number varies from 2 to 6, 
and fetuses have been found in April, October, and December (7). 

1. Lataste, F. Act. Soc. Linn. Bordeaux, 40: 293-466, 1886. 

2. Fetter, F. Mammalia, Special Number, 25: 1-222, 1961. 

3. Harrison, D. L. Ann. Mag. Nat. Hist., 12(8): 897-910, 1955. 
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4. Hatt, R. T. The Mammals of Iraq. Univ. Michigan Mus. Zool., Misc. Publ. 106, 
1959. 

5. Ziickerman, S. PZS., 122: 827-950, r952“3. 

6. Anderson, J. The Mammals of Egypt. London, 1902. 

7. Shortridge, G. C. The Mammals of South West Africa. London, 1934, 


Tatera afra Gray 
GERBIL 


The females experience a complete anestrum from the beginning of 
April to the end of July; the breeding peaks are in September and January 
(t). Females that are born early in the season breed during the same 
season (i). The males reach puberty at a weight of 40 to 60 g., or at about 
6 weeks old, and those born early in the season breed the same season, but 
those born in December wait until the following spring, when they are 
5 or 6 months old. Older males cease to breed in November and December 
but young ones continue into January and early February. Spermatogenesis 
occurs in the testes that weigh 3 g. or more the pair. The testes are in the 
abdomen in the nonbreeding season (2). 

The number of corpora lutea averages 4.1, with a range from 2 to 6, and 
a mode of 4 and 5, while embryo counts averaged 4.0, mode 4. The number 
of ovulations, and also the embryo count, rise from August to December 
and then decrease. The number is also related to body weight. There is a 
post-partLim heat and a lactation anestrum, but breeding may recommence 
immediately after lactation has finished. Ovulation is spontaneous. At coitus 
a vaginal plug is formed which remains for a brief period. The ovary is 
enclosed in a capsule. The vagina is closed in immature and anestrous 
females and sometimes in pregnant and lactating ones. Delayed implanta¬ 
tion occurs in the pregnant lactating female (i). 

1. Measrock, V. PZS., 124: 631-658, 1954-5. 

2, Allanson, M. PZS., 130: 373-396, 1958, 
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Tatera brant si A. Smith 
GERBIL 


In the wild this South African gcrbil breeds the year-round, but the 
greatest intensity is from March to June and, again, to a lesser extent, in 
September. Breeding is least in July and from October to December. In 
the latter half of the year the young females increase considerably in weight 
without attaining puberty, which is delayed until January. In the first half 
of the year breeding begins at 55 g. weight (i). For males the size at puberty 
during the period from January to August is 50 to 65 g., or a length of from 
12 to 14 cm. From October to December the corresponding figures are 74 to 
98 g. and 13.8 to 16.2 cm. The rainy season is in September and October. 
Spermatozoa are present the year-round in testes that weigh 2 g. or more 
for the pair (2). 

Ovulation is spontaneous and the cycle lasts for 4 to 6 days, of which 16 
to 18 hours is proestrum, 20 to 28 hours estrus, 24 hours metestrum, and 2 
days the diestrum. The average litter size is 2.75, mode 3; and gestation 
lasts for 22.5 days. These figures refer to females kept in the laboratory. In 
wild ones corpus-luteum counts gave an ovulation rate of 2.94, mode 4, range 
I to 4. Embryos averaged 2.64, with 3 the most frequent number (i). 

The ovary is encapsulated and the vagina is closed in the immature and 
anestrous females, and sometimes in pregnant and lactating ones. At the 
time of heat the vulva is pinkish and in folds; the uterus is distended with 
fluid. The proestrous vaginal smear is composed mainly of cornified cells, 
while leucocytes make their appearance in metestrum. After copulation a 
vaginal plug rarely forms, and when it does, it lasts only briefly. Blood is 
present in the vaginal smear of the pregnant female at 14 to 15 days. In 
laboratory specimens a post-partum heat was detected, and lactation anestrum 
followed if the females were not impregnated at that time. In wild speci¬ 
mens there was evidently a post-partum heat with an ensuing pregnancy. A 
short resting period intervenes between the end of lactation and a new heat. 
In the lactating pregnant female delayed implantation is usual (i). 

1. Measrock, V. PZS., 124: 631-658, 1954-5. 

2. Allanson, M. PZS., 130: 373-396, 1958. 
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Tatera indica Hardwicke 


This Indian antelope rat has litters from the last week of September to 
the first week of March, The males reach puberty in from 12 to 14 weeks; 
their testes are active from July to the end of April and are regressed in 
May and June, The interstitial cells and accessory organs follow the same 
cycle (i). The number of embryos varies between 5 and 8 (2), mean 6.3. 
Intrauterine mortality accounts for 8 per cent of embryos. The females reach 
puberty at 8 to 9 weeks and have 3 or 4 litters a season. 

1. Prasad, M. R. N. Acta Zool., 37: 87-122, 1956. 

2. Prasad, M. R. N. J. Bombay Nat. Hist. Soc., 52: 184-189, 1954. 

3. Prasad, M. R. N. Acta Zool., 42: 245-256, 1961. 


Tatera die hr lira Thomas. Young of this African species have been found 
in March, November, and December. On one occasion 6 was the count of 
nest young (i). 

T. lobengulae De Winton. A pregnancy has been noted in March (2). 

T. nigricatida Peters. Juveniles have been found in June (3). 

7 ". nyasae Wroughton. Juveniles have been found in August and Septem- 
ber (4). 

T. schinzi Noack. This gerbil breeds all the year, but mostly in spring and 
summer. The litter size is from 2 to 8, usually 4 or 5 (5). Puberty is reached 
at 3 months old (6). 

T. valid a Bocage. In Angola this gerbil has been recorded with 5 young, 
born in April (7). 

T. vicina Peters. In East Africa this gerbil has been found in November 
and December with 4 and 5 fetuses (8). 

1. Hatt, R. T. AM., 76: 457-604, 1939-40. 

2. Frechkop, S. EPNU., 1944. 

3. Allen, G. M., B. Lawrence, and A, Loveridge. HCMZ., 79: 31-126, 1935-7. 

4. Lawrence, B., and A. Loveridge. HCMZ., no: i~8o, 1953. 

5. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

6. Powell, W. Rodents. Dept. Public Health, South Africa, 1925. 

7. Hill, J. E. IM., 22: 81-85, 1941. 

8. Heller, E. In G. C. Shortridge, The Mammals of South West Africa. London, 1934, 
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Taterillus emini Thomas 

This gerbil has been reported with 3 and 4 newborn young in November 
and December (i). 

I. Hatt, R. T. AM., 76: 457-604, 1939-40. 


Desmodillus auricular is A. Smith 
SHORT-EARED GERBIL 

This gerbil breeds at 3 months old and has 4 to 6 young about 4 times 
a year (i). 

I. Powell, W. South Africa Dept. Public Health, Pamphl. 321, 1932. 


Pachyuromys duprasi Lataste 
BOUBIfiDA 


This North African gerbil is polyestrous. After copulation a vaginal plug 
is formed with cornified tissue around it. The gestation period is 19 to 22 
days, usually 20. The number of young is 3 to 6, mean 3.4, mode 3. Puberty 
in the female occurs at about 2 months old. Lataste’s supplemental data 
suggest a cycle of 5 or 6 days. Matings are usually at night and births at 
midday (1). In the London zoo births occur the year-round and the litter 
size has varied from i to 9, with 5 the average (2). 

r. Lataste, F. Act. Soc. Linn. Bordeaux, 40: 293-466, 1886. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Meriones longifrons Lataste 
JIRD 


This jird is polyestrous, breeding throughout the year, with a cycle of 
about 10 days. The gestation period is about 21 days, with delayed implanta- 



314 


MAMMALIAN REPRODUCTION 


tion if the female is suckling (i). Puberty in the female is at 2 months (2). 
In the London zoo births have occurred all year-round. The litters have 
varied from i to 8, mean 3.7, mode 4 (3), which compares with Lataste s 
average of 4.5 (2). 

1. Lataste, F. Mem. Soc. Biol., 43: 21, 1891. 

2. Lataste, F. Act. Soc. Linn. Bordeaux, 40: 293-466, 1886. 

3. Zuckerman, S. PZS., 122: 827-950, 1955. 


Meriones lybicus Lichtenstein 

JIRD 


This jird is polyestrous, breeding throughout the year, with a cycle of 
about 10 days. The gestation is about 20 to 25 days, with delayed implanta¬ 
tion in lactating females (r, 2). There is a post-partum heat. Immature young 
have been collected from April to June; also males with enlarged testes, 
and pregnant females, so the breeding season is long. Embryo counts of 
4, 6 and 7 have been made (3). 

1. Lataste, F. Mem. Soc. Biol., 43: 21, 1891 

2. Lataste, F, Act. Soc. Linn. Bordeaux, 40: 293-466, 1886. 

3. Harrison, D. L. Ann. Mag. Nat. Hist., 12(8): 897-910, 1955. 

Meriones hurrianae Jerdon. The young of the desert jird are born from 
August to November and the litter .size is from 3 to 5 (r, 2). 

M, meridianus Pallas. In this Asiatic species breeding begins in March 
and continues through September. Three or 4 litters a year with 4 to 7 
young are usual. Lactating females may be pregnant (3). In the northwestern 
Caspian region it breeds 3 to 5 months longer than it docs in the Volga-Ural 
sands. Its most intensive season is at the end of summer (4). 

A/, persicus Blanford. In captivity this Asiatic species made its first matings 
at age 98 days. Gestation lasted for 22 days (5). In a state of nature it bred 
at the end of winter (6). 

Af. tamariciniis Pallas. This species breeds 3 to 5 rjionths longer in the 
northwestern Caspian region than in the Volga-Ural sands (4). The gesta¬ 
tion period is 25 to 29 days (7). 

A/, tristrami Thomas. The gestation period is less than 24 days (6). 

M, vinogradovi Heptner. In the wild this species has 2 litters a year but 
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in captivity it has up to 5. They do not breed in their first year. The gesta¬ 
tion period lasts 21.5 to 23 days (6). 

1. Prakash, I. JM., 41: 386-389, i960. 

2. Prakash, I. Mammalia, 26: 311-331, 1962. 

3. Heptncr, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Siiugetiere in dcr 
Schutzwaldzone. Berlin, 1956. 

4. Pavlov, A. N. ZZ., 38: 1876-1885, 1959. 

5. Eibl-Eibesfeldt, I. Zeit. Tierpsychol., 8: 400-423, 1951. 

6. Petter, F. Mammalia, Special Number, 25: 1-222, 1961. 

7. Rauch, H. G. Zeit. Siiugetierk., 22: 218-240, 1957. 


Psammomys obesus Cretzchmar 


In the London zoo, births have occurred at all times of the year (i). Frorr 
3 to 7 young are born after a gestation of 25 days (2). 

1. Zuckerrnan, S. PZS., 122: 827-950, 1952-3. 

2. Dekeyser, P. L. Les Mammifcrcs dc I’Afrique Noire Fran^aise. np., 1956. 


Rhombomys opimus Lichtenstein 

This species breeds from March to June. The gestation lasts 22 to 25 days, 
and two litters of 6 young each are usually produced in the season (1). In 
captivity a post-partum heat has been observed w ith pregnancy lasting for 
29 to 34 days. In the absence of lactation it was 24 days. The placental scars 
resorb 3 months after the litter is cast (2). 

1. Petter, F. Mammalia, Special Number, 25: 1-222, 1961. 

2. Leontyeva, M. N. ZZ., 40: 1874-1882, 1961. 


SPALACIDAE 

Spalax \irgisoriim Neh ring 
MOLE RAT 


In Israel this rat breeds in December and January and pregnant females 
can be found only from January to March. Sixty-eight per cent are born 
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from January 15 to February 15, but there is a second peak of births in the 
second half of March. The gestation period is above 28 days. The litter size 
varies from i to 9, with a very pronounced mode at 3 and 4 (i). 

I. Ncvo, E. Mammalia, 25: 127-144, 1961. 

Spalax microphthalamus Guldenstaedt. The blind mouse breeds early in 
the year. It has i or 2 annual litters of 2 to 4 young (i). The litters are 
born in late February or early March. They consist of 4 to 5, occasionally 
3, young (2). 

1. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in dcr 
Schutzwaldzone. Berlin, 1956. 

2. Samarsky, S. L. ZZ., 41: 1583-1584, 1962. 


RHIZOMYIDAE 

Rhizomys 
BAMBOO RAT 

Rhizomys pruinosus Blyth. This rat has 3 to 4 young to the litter (i). 
R. vestitus Milnc-Edwards. This rat has 3 to 4 young to the litter (2). 

1. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91- 

2. Ho, H. J. Contrib. Biol. Lab. Sci. Soc. China, Zool. Ser., ii: 123-164, 1935. 


MURIDAE 

MURINAE 

Vandeleiiria oleracea Bennett 
TREE MOUSE 


This Indian mouse has 3 to 4 young to the litter (i). 

. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 
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Micromys minutus Pallas 
LITTLE HARVEST MOUSE 


This mouse reaches puberty at 45 to 59 days old, and the young of early 
spring may produce a litter in August (i). The males reach puberty at 5 g. 
or up (2), or at 35 to 49 days of age (3). The females are not in breeding 
condition in March (2). They breed in the summer months (3). The 
number of young averages 3.8, mode 4, range 2 to 6, born after a gestation 
of 21 days. The females reach puberty at 31 to 32 days and bear their first 
litter at 52 days (3). In Japan the average litter size in the wild was 5.3, 
and in captivity 2.3. Most litters were born in the spring. (4). 

The length of the spermatozoon is 63.9 =b .8 /x, and that of the sperm 
head, 5.67 it .04 /a (5). 

1. Kubik, J. Ann. Univ. Marine Curie-Sklodowska, Sect. C, Biol., 7: 449-495, 1952. 

2. Rowe, F. P. PZS., 131: 320-323, 1958. 

3. Frank, F. Zeit. Saugetierk., 22: 1-44, 1957. 

4. Shiraishi, S. J. Mamm. Soc. Japan, i: 121-127, 1959. 

5. Friend, G. F. QJMS., 78: 320-323, 1958. 


Apodemtis sylvaticus L. 
FIELD MOUSE 


This mouse is polyestrous and breeds from March to October (i). The 
young breed at 80 to 90 days old (2).'#On St. Kilda the males become fecund 
in February and March and the females become pregnant from April to 
June. Some females may reproduce in the year of their birth (3). On Fair 
Island these mice breed from late February to early September, but most 
intensively from early June to late August (4). The litter size is from i to 
12, with 5 or 6 the usual number (2). One series of young gave 5 as the 
mode, mean 4.8 ±: .2, range 1 to 9 (5). Another gave a mean of 5.3, with 
somewhat smaller litters in winter, and a strong tendency for more embryos 
to be carried in the right uterus (6). The gestation period lasts from 23 to 
29 days (7). There is a post-partum heat (8). In December and January the 
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testes are abdominal and the accessory organs are small. In March the 
testes have hypertrophied, but not appreciably the accessory organs (i). 
The testes can be made functional in winter by good feeding (9). The 
length of the spermatozoon is 132.8 ±; .5 /a, and of the sperm head, 
9.83 liz .04 /A (10). 

1. Raynaud, A. CRSB., 144: 938-940, 1950. 

2. Hepiner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schutzwaldzonc. Berlin, 1956. 

3. Boyd, J. M. PZS., 133: 47-65, 1959-60. 

4. Delany, M. J., and P. E. Davis. PZS., 136: 439-452, 1961. 

5. Barrett-Hamilton, G. E. H. A ITistory of British Mammals. London, 1910. 

6. Semenov, M. Y. ZZ., 40: 1743-1745, 1961. 

7. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 

8. Laver, —. Reference lost. 

9. Raynaud, A. CRSB., 144: 945-948, 1950. 

10. Friend, G. F. QJMS., 78: 419-443, 1936. 

Apodemtis agrarius Pallas. This species has 3 to 5 litters a year with 5 to 
6 young to a litter. The young reach puberty at i}/i months old (i). In 
Korea breeding is probably over for the season by October (2). 

A, flavicollis Melchior. This mouse has 2 to 4 litters a year, usually with 
6 young apiece, but the number may be as high as 12. The young females 
have litters at about 3 months old and there is an interval of from 49 to 60 
days between litters (i). In Iraq a female with 5 embryos was found in 
November (3). The sperm head is 8.78 ±; .04 /a long and the whole sperma¬ 
tozoon measures 125.4 ±; .5 /a (4). 

A. mystaciniis Danford and Alston. In Bulgaria this mouse reproduces 
from March to October. The modal litter size is 4, range 2 to 9 (5). 

A. speciosus Temminck. In central Korea the females were in breeding 
condition in August but the males not until the end of the month (2). 

1. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schutzwaldzonc. Berlin, 1956. 

2. Jones, J. K., and A. A. Barber. JM., 38: 377-392, 1957. 

3. Hatt, R. T. The Mammals of Iraq. Univ. Michigan Mus. Zool., Publ. 106, 1959. 

4. Friend, G. F. QJMS., 78: 419-443, 1936. 

5. Pechev, T. Mammalia, 26: 293-310, 1962. 
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Thamnomys surduster Thomas and Wroughton 

This species breeds mainly late in the rains and early in the dry season, 
from September to April (1). The number of young varies from i to 5, 
with 2 or 3 the commonest. Litters are regularly born at 5- or b-week inter¬ 
vals, but those that were born in captivity failed to breed (2), 

1. Pirlot, P. L. Ann. Mus. Congo Beige Tervueren, Sen Zool. Scr. Nouv. en 4®, i: 
41-46, 1954. 

2. Rodhain, J. Ann. Mus. Congo Beige Tervueren, Ser. Zool. Sen Nouv. en 4°, i: 
74-76, 1954. 


Mesembriomys gouldi Gray 
JERBOA RAT 


In North Queensland a female with 2 young has been reported (i). This 
is the usual litter size (2). 

1. Le Souef, A. S., and H. Burrell. The Wiki Animals of Australasia. London, 1926. 

2. Troughton, E. Furred Animals of Australia. New York, 1947. 


Oenomys hypoxanthiis Pucheran 


This African rat breeds from August to April (i, 2), or in the dry season. 
The litter size varies from 1 to 5, mean 2.7, mode 3 (2). 

1. Sanderson, I. T. TZS., 24; 623-725, 1938-40. 

2. Hatt, R. T. AM., 76; 457-604, 1939-40. 


Dasymys incomtiis Sundevall 
WATER RAT 


This rat has an extended season, from June to October in South West 
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Africa (i). In Central Africa pregnancies have been noted in January (2) 
and April (3). 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. Hatt, R. T. AM., 76: 457-604, 1939-40. 

3. Hill, J. E. JM., 22: 81-85, 1941. 


Arvicanthus 
STRIPED MOUSE 


Arvicanthus abyssinicus Riippell. There is a record of 6 fetuses in June (i). 
A. niloticus Desmarest. In the London zoo this mouse has had 2 and 4 
young in February and June (2). 

1. Allen, G. M., and A. Loveridge. HCMZ., 75: 47-140, 1933-4* 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Hadromys humei Thomas 
BUSH MOUSE 


There is a September pregnancy record (i). 


I. Roonwal, M. L. Trans. Nat. Inst. Sci., India, 3: 67-122, 1949. 


Golunda ellioti Gray 
COFFEE RAT 


In Ceylon this rat usually has 3 young to the litter, born early in the 
year (i). 

I. Phillips, W. W. A. Ceylon J. Sci., 14B: 209-293, 1927-8. 
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Pelomys 
CREEK RAT 

Pelomys fallax Peters. This rat has been found pregnant in March and 
May (i). 

P. frater Thomas. In Angola this rat has 2 or 3 young born about April (2). 

1. Frcchkop, S. EPNU., 1944. 

2. Hill, J. E. JM., 22: 81-85, 1941. 


Lemniscomys 
STRIPED MOUSE 

Lemniscomys Barbara L. In the London zoo litters have been born 
throughout the year. They ranged from 3 to 6 and averaged 4 (i). In the 
wild, young have been found in November, December, and February (2). 

L. griselda Thomas. This species is polyestrous and has 5 to 12 young 
according to one account (3), or 2 to 4, born in April and May, according 
to another (4). 

L. striatus L. Young or fetuses have been recorded from November to 
January (5), and from August to October (2). The litters have varied from 
2 to 5, with 4 both mean and mode. 

1. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

2. Hatt, R. T. AM., 76: 457-604, i93()-40. 

3. FitzSimons, F. W. The Natural History of South Africa. London, 1919. 

4. Hill, J. E. JM., 22: 81-85, 1941- 

5. Allen, G. M., and A. Loveridge. HCMZ., 89: 147-214, 1941-2. 


Rhabdomys pumilio Sparrman 
STRIPED RAT 

This rat is polyestrous and breeds from September to April (i). Puberty 
is at 3 months old (2). The number of young is usually from 3 to 8 and 
it breeds 4 times a year (2). 
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1. FitzSimons, F. W. The Natural History of South Africa. London, 1909. 

2. Powell, W. Rodents. Dept. Public Health, South Africa, 1925. 


Hybomys iinivattains Peters 
BACK-STRIPED MOUSE 


From I to 3 fetuses have been found in females taken in January, Septem¬ 
ber, and October (1). 

I. Llatt, R. T. AM., 76: 457-604, 1939-40. 


Millardia meltada Gray 


This rat has 6 to 8 young at a time (i). 

I. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 


Act h only s 
BUSH RAT 


Aethomys chrysophiliis De Winton. In South West Africa this rat has 
been found with 2 to 4 fetuses in October and November (i). 

A, /{aiscri Noack. This rat has been found in December with 3 embryos 

(2). 

A. thomasi Dc Winton. This rat breeds fairly continuously throughout the 
year. One litter of 3 was reported (3). 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. Hatt, R. T. AM., 76; 457-604, 1939-40. 

3. Hill, J. E., and T. D. Carter. AM., 78: i-2ir, 1941. 
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T hallomys 
TREE RAT 


Thallomys damarensis De Winton. This rat has been found with 3 to 4 
young in September and October (i). 

T. namaquensis A. Smith. This rat breeds all the year round and has 
2 to 5 young at a time (i). The gestation period may be 22 days or more (2). 

T. mgncauda Thomas. This rat has been reported to breed from Septem¬ 
ber to December and also in April. The number of young is from 2 to 4 (i). 

1. Shortricige, G. C. Tlie Mammals of South West Africa. London, 1934. 

2. Mccster, J. JM., 39: 302-304, 1958. 


Rattus assimilis Gould 


This Australian rat breeds all year, but mostly from March to May, in 
the rainy season. In captivity the vagina opens at age 46 days (35 to 57), 
at a weight of 56 g. (37 to 73). The males reach puberty at 2^^ months, at 
75 g. weight. The litter size averages 3.S, mode 4, range i to 7. The mean 
number of litters a year was 3.6, i.e,, 13.7 young per female. The vaginal 
cycle is 4.5 days, cither 4 or 5 days. In the procstrous smear nucleated epithe¬ 
lial cells are present, and the lips of the vagina are slightly swollen. This 
stage lasts for 10 to 14 hours. During estrus the smear consists of cornified 
cells and the vaginal lips are swollen. The stage lasts for 24 hours. In 
metestrum cornified cells and leucocytes are present and the lips of the vagina 
are no longer swollen. This stage lasts for less than 10 hours and the females 
mate early in it. The maximum distention of the uterus is during estrus. 
The gestation period lasts 22 to 24 days, with 22.(S the average, and with 
60 per cent at 23 days. Eighty per cent of births occur between 2 p.m. and 
8 P.M. Stimulation of the cervix uteri at the time of heat causes pseudo¬ 
pregnant activation of the corpora lutea. This period lasts for 15 to 17 days. 
There is a post-partum heat, usually on the first or second day after parturi¬ 
tion, and delayed implantation of the embryos. If the female does not be¬ 
come pregnant at this time a lactation anestrum sets in (i). 
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The diameter of the mature follicle is 0.8 to 0.9 mm. The mean number 
of corpora lutea of ovulation is 7, range 3 to it. The weight of a single 
mature testis is 2.4 g. (2.0 to 3.5); of the epididymis, 0.55 g. (0.4 to 0.76); and 
of a seminal vesicle, i g. (0.6 to 2.4) (i). 

I. Taylor, J. M. Univ. California Publ. ZooL, 60: 1--66, 1961. 


Rattus conatus Thomas 


The males of this Queensland rat reach puberty at 9 to 10 weeks old, 
when they weigh 65 to 70 g. The females experience their first ovulation 
at the same age, at a weight of 50 to 55 g., but the proportion of pregnant 
rats is low at an earlier age than 5 months. The vagina opens at 37 days 
old, range 33 to 45 days, when the body weight is 35 g. They breed all year 
and the mean litter size is 6 (i), or, in the rainy season, 7, varying from 
4 to II (2). They are born after a gestation of 21 to 22 days (i). 

The vaginal smear changes are similar to those of R, norvegictis. The 
corpora lutea retrogress more rapidly than in that species, so that fewer may 
be found in the ovaries. Usually only 2 to 3 sets are present. Functional 
corpora lutea measure i mm. in diameter, but at term they measure nearly 
2 mm. The mature follicle has a diameter of 0.79 to 0.84 mm. (i). 

1. McDougall, W. A. Queensland J. Agric. Sci., 3: 1-43, 1046. 

2. Troughton, E. Furred Animals of Australia. New York, 1947. 


Rattus norvegicus Berkenhout 
NORWAY RAT 


The wild brown rat breeds throughout the year in most situations. In 
Baltimore there was no difference in the seasonal pregnancy rate of 40.3 
per cent for large rats, but for small ones pregnancy was more frequent in 
spring and fall; the average rate for this group was 10.8 per cent. The annual 
litter rate varied from 2.2 for small rats to 8.2 for large ones. The mean 
embryo count was 9.3 ±: 2.3 per litter. The 50 per cent point for initiation 
of ovulation was at 153 g. weight and 144 mm. length. The 50 per cent point 
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for vaginal perforation was 102 g. and 143 mm. (i). The 50 per cent point 
for testis descent was 105 ±45 g., and spermatozoa were present in 50 per 
cent of males at 200 ± 70 g. weight. There was little change with season, and 
most of the seasonal variation in breeding was due to the females (2). In 
farm rats 50 per cent of males were with scrotal testes at 136 g. and 50 
per cent of females had perforate vaginas at 88 g. For city rats the corre¬ 
sponding weights were 119 g. for males and 105 g. for females. Few city 
rats were found pregnant at less than 200 g. weight (3). Polyovular follicles 
were found in 12 per cent of rats, and cases of more embryos than corpora 
lutea in 16.8 per cent. The number of sets of corpora lutea is usually fewer 
than in the laboratory rat. Embryonic mortality accounts for 15.8 per cent 
of ovulations (4). 

In England there are bursts of intensive breeding at intervals, and the 
season is at its height in March to June. The heavier the females the more 
young are born, and the pregnancy rate is also higher. The gestation is 
probably prolonged if the female is lactating (5). Judging by the presence 
of corpora lutea, 50 per cent of females have reached puberty at 125 to 135 
g., and 92 per cent at 155 to 195 g. The average embryo count is 9.0, mode 8 
and 10, and it is correlated with the empty weight of the mother. Fertility 
in country districts is lowest in the summer; both pregnancy rate and 
embryo counts were adversely affected. In winter, November to February, 
the pregnancy rate was 27.0 per cent in rats dwelling in grain ricks and 2.3 
per cent in those not dwelling in ricks. (6). 

The remainder of this article refers to the laborator)^ rat, usually the 
albino. 

The rat is polyestrous all the year round, and ovulation is spontaneous, 
occurring near the end of heat. Heat lasts about 20 hours, and the cycle from 
4 to 6 days. The corpus luteum formed after rupture of the follicle is physio¬ 
logically inactive unless the cervix uteri has been stimulated mechanically 
or by coitus. The interval between heats thus represents proestrum, and its 
length is determined by the time required to ripen new follicles. When the 
cervix is stimulated, prolactin is apparently released from the anterior pi¬ 
tuitary, enabling the corpus luteum to secrete progesterone. This continues 
for about 14 days, during which time the rat is “pseudopregnant.” New 
follicles do not ripen, heat is not experienced, and the uterus undergoes 
various changes, such as growth of the glands and sensitization of the en¬ 
dometrium to trauma. Subsidence of the corpora lutea is followed by the 
ripening of new follicles, heat, and ovulation. 

The vaginal epithelium undergoes well-marked changes during the cycle. 
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Heat is characterized by marked cornification and the disappearance of 
leucocytes. At the end of heat the cornified layer is sloughed off, and an 
invasion of leucocytes occurs. The vaginal smear is, therefore, an excellent 
indicator of the stage of the cycle. The uterine lumen is distended with fluid 
at heat, but otherwise uterine changes are not marked in cither type of cycle. 
The duration of gestation is about 21 days, and the average litter size 7 to 
9. Quantitative hormonal relationships have been worked out in considerable 
detail. 


THE ESTROUS CYCLE 

In the young rat the vagina is a cord of cells without a lumen. As the first 
ovulation approaches, the central cells separate, forming a tube closed at the 
vaginal orifice by a thin membrane. This ruptures at, or a little before, the 
first ovulation; hence, the establishment of the opening is a good indication 
of the arrival of puberty. Opening is not, however, entirely dependent on 
sexual activity as it occurs in the absence of the ovaries at about the usual time 
in the Long-Evans strain (7). In the Cornell Nutrition strain ovariectomy 
delays the opening for about 14 days (8). 


Table i. Age and Weight of Rats at Time of Vaginal Opening 


STRAIN 

AGE, 

D \YS 

WEK^HT, 

GR\MS 

Columbia Univ., specially fed (9) 

41.1 rt .45 

127.0 1.6 

Wistar (10) 

42.0 ± .7 

87.8 1.9 

Hooded (ro) 

46.5 ± 

91.0 ± 2.6 

Brown Univ. (ii) 

49.4 ± .26 


McCarrison (10) 

50,6 ± 1.7 

96.8 2.1 

Cornell Nutrition (8) 

60.8 ± .6 

120.8 3.0 

Long-Evans (7) 

76.5 



The average age at puberty varies considerably with the strain of rats 
and with the rate of growth. Rats from small litters and those which are 
specially fed reach this age earlier than others (p). The mean weight at this 
time is about 52.5 per cent of the mature weight, but, as the coefficient of 
variation for weight is greater than that for age, the latter is more closely 
related to the attainment of puberty (8). However, the body length, mean, 
166.0 ± .6 mm., is still less variable (9). Another series of data gives 148 to 
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150 mm. as the body length at puberty or first appearance of corpora lutea, 
and it seems that this is the less variable measurement (12). In an inbred 
gray strain puberty was reached at 36 days, and in a similar white one at 
41.6 days (13). 

The opening of the vagina and ovulation are practically simultaneous in 
46 per cent of rats, and they have occurred within 10 days of each other in 80 
per cent. If males are with the females all the time, the first fertile copulation 
occurs, on the average, about 16 days later than vaginal opening in the Long- 
Evans strain (7), and 6 days later in the Cornell Nutrition strain (8). 

The modal length of the estrous cycle in the Long-Evans strain is 4 to 5 
days, with 82 per cent of all cases falling between 4 and 6 days. The average 
of all cases 8 days and less in length was 4.8 days, and this may be taken as 
the mean since periods longer than 8 days may include some rats one of 
whose heat periods has been missed (7). The Stanford colony gave a mode 
of 4 days for rats of all ages, though the mean for older rats (above 283 
days old) was about i day longer than that for young ones because of the 
greater irregularity of the former (14). The Brown University colony gave 
a mean of 4.4 days, with 87 per cent between 4 and 6 days. Occasional split 
heats were observed (15). In South Africa the modal cycle length for albino 
rats was 4 days, with 80 per cent from 3 to 5 days (16). It is thus generally 
agreed that the modal length of the cycle is 4 days and the mean about 4.8 
days. 

The length of the pseudopregnant cycle after electrical stimulation of the 
cervix is 14.03 days (17), and after vasectomized copulation, 14.5 days (18). 
The difference is probably not significant. The mode in the first report cited 
was 12 to 13 days. In the Long-Evans strain the modal length was 12 to 14 
days (7). Pseudopregnancy is also induced by the application of silver nitrate 
solution to the nasal mucosa during heat (19). Anesthetization of the nasal 
mucosa and also ablation of the sphenopalatine ganglia have a similar effect 

(20) . Bilateral abdominal sympathectomy docs not affect the normal cycle 

(21) or the induction of pseudopregnancy after infertile copulation, but it 
does prevent pseudopregnancy from following mechanical or electrical stim¬ 
ulation of the cervix. In the latter, therefore, the sympathetic chain is in¬ 
volved (22). 

The duration of heat has been determined by hourly copulation tests. 
This method gave 13.7 ±: .12 hours, with a range of i to 28 hours and a 
standard deviation of 4.55 hours. Eighty per cent were between 9 and 20 
hours. Copulation early in heat shortens the period slightly (15). Another 
determination gave a distribution from 12 to 18 hours (23). Heat usually 
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begins between 7 and 8 p.m., with 75 per cent beginning between 4 p.m. and 
10 P.M. and less than i per cent between 3 a.m. and ii a.m. (15, 23). The 
average duration of the first heat is slightly less than that of later heats, the 
mean being 9.1 hours. It usually begins between 7 p.m. and 5 a.m. (h)* 
the normal heat period the female is most receptive during the first 3 hours 
(23). The usual time of ovulation is 8 to ii hours after the beginning of 
heat (24, 25). The relation of ovulation to the vaginal smear is considered 
later. 

As the rat is a more or less nocturnal breeder, the influence of light upon 
the reproductive processes is of interest. Rats kept from birth or from 2 t 
days of age in continuous light experienced the vaginal opening at an aver¬ 
age of 6 days earlier than controls, while those kept in continuous darkness 
were 10 days late. In light the heat period was longer, and in darkness the 
interval between heats was longer, than usual (26). Reversal of the hours 
of light and darkness, but with their relative lengths retained, caused a 
shift of the onset of heat to the new time of darkness. Establishment of an 
8-hour rhythm of light and darkness had no efiect, and exposure to con¬ 
stant light increased the length of the heat period and the duration of vaginal 
cornification (27, 28). Blindness and continuous darkness did not affect the 
cycle (28). 

The removal of active corpora lutea during pseudopregnancy results in a 
return of heat in 4 days’ time. If it is done late in pregnancy, abortion some¬ 
times occurs, more often resorption of the embryos, and occasionally the 
pregnancy is not interrupted (29). Ovariectomy, apparently a less severe 
operation than removal of corpora lutea by clectrocautery, results in abor¬ 
tion if it is done before 13 days of pregnancy; if it is done later, the pregnancy 
continues (30). 

Parturition usually occurs in the afternoon, least frequently from mid¬ 
night to 6 a.m. It takes from 10 to 70 minutes. The postparturition heat be¬ 
gins after a mean interval of 18.5 hours (range 4 to 36 hours). The time of 
its commencement is somewhat irregular, but it is related to the time 
of parturition in such a way as to bring it between 6 p.m. and midnight, 
the usual time for heat to begin. The average length of this heat period is 
10 hours. Occasionally ovulation occurs without heat after parturition (31). 

There is little difference in the relative activity of the two ovaries. A 
count of corpora lutea gave 51 per cent of ovulations from the left ovary 
(12). 

The results of insemination at different times in the cycle are given in 
Table 2 (32,33). This work sets the maximum fertile life of the spermatozoa 
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in the female tract at 14 hours, and the life of the ovum at about 12 hours. 
But as the ova become old they are less able to give rise to normal embryos. 


Table 2. Relation of Time of Insemination to Fertility and Fecundity 


TIME OF INSEMINATION 

PREGNANCIES, 
PER CENT 

NORMAL 
PREGNANCIES. 
LITTER SIZE 

ABNORMAL 
PREGNANCIES, 
PER CENT 

More than 14 hours before ovulation 0 

0 

0 

12-14 hours before ovulation 

20 

3-5 

0 

10-12 hours before ovulation 

50 

3-5 

0 

Near ovulation time 

83 

6.7 

II 

6 hours after ovulation 

47 

4.6 

48 

10 hours after ovulation 

22 

1.8 

79 

12 hours after ovulation 

4 

0 

100 

i 8~20 hours after ovulation 

0 

0 

0 


The rate of passage of the ovum through the oviduct appears to be rather 
rapid until the last tenth of the distance remains to be traversed, when it is 
much slower. The ovum takes 3 days or a little more to reach the uterus 

(34. 7)- 

The mean litter size varies with the strain. Stock albino rats at the Wistar 
Institute averaged 6.1 (35); Wistar rats in Edinburgh, 9.26 it .18 (36); al¬ 
binos in South Africa, 7.4 (16); Cornell Nutrition strain, 6.22 it .08 (37); 
wild rats brought into the laboratory, 10 to 11 (38). The second litter is the 
largest, and the litter size decreases sharply after the tenth litter (35, 39). 
The litter size tends to be slightly smaller in fall and winter (16). In a 
sample of 35 rats that had 8 or more litters the maximum litter size was 
reached at the third litter (40). Unilateral ovariectomy is followed by the 
production of the number of ova usual for the rat from the remaining ovary, 
so that the litter size falls only from 8.6 to 8.1, while the number of corpora 
lutca increases from 10.3 to 10.6. No migration of ova across the abdominal 
cavity occurs; the ova could not migrate through the uteri, as the latter open 
to the vagina by two cervices. In these experiments, therefore, the pregnant 
uterus had twice the normal number of young in it with little increase in the 
amount of fetal atrophy (41, 42, 43). In the normal rat loss of ova and fetal 
atrophy account for about one third of the eggs shed (7). 

A comparison has been made of the effects of breeding rats at the earliest 
possible time, i.e., at the time of vaginal opening, at 100 days of age (normal 
time), and at 280 days old. In all these groups lactation for 21 days was 
allowed before the rats were rebred. A fourth group was not allowed to 
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lactate: the young were removed immediately after parturition and the 
mother was put in a cage with a male. In all these groups the second litter 
was the largest; the “bred late” rats had the smallest litters throughout their 
lives; and the “bred early” rats had larger initial litters than the normals 
but ceased reproduction rather earlier than usual. The “nonlactating ’ rats 
had consistently larger litters after the first, and, though they had more 
litters, they tended to break down at an earlier age. The size of the first 
litter, and the shortness of the interval between the first and second litters 
in the lactating rats, was a fairly reliable indication of their lifetime ability 
to reproduce (39). The menopause, or cessation of breeding, was found to be 
a process that might occur at any age or not at all; no definite period for 
cessation, as in man, was found (25). When it does occur it is characterized 
by persistent estrus and a final phase of anestrum (44). 

The sex proportion at birth in Wistar stock is 51.4 per cent males (35). This 
seems to be characteristic, since the same stock in Edinburgh has given a 
proportion of 51.2 per cent males (36). South African albino stock gave 
fewer males than females, i.e., 43.3 per cent males (16), and the Cornell 
Nutrition stock, 49.4 per cent males (39). A more recent estimate also gave 
51.4 per cent males (45). 

The gestation period is 22 days with very little variation. A scries in 
which the time was accurately obtained by the use of obstetrical cages gave 
90 per cent from 21to 22 days, and the average of all gestations was 21.8 
days (7). 

If the mother is suckling 6 or more young, implantation in a new preg¬ 
nancy is delayed, and the pregnancy is consequently prolonged (46). In the 
absence of pregnancy lactation causes the corpora lutea of the postparturition 
ovulation to persist. Removal of the young is followed by heat 4 days 
later (7). 


HISTOLOGY OF THE FEMALE TRACT 

OVARY, The ovary of the immature rat less than 15 days old contains 
ova surrounded by granulosa cells. These loosen and antra develop at about 
15 days. At this time the percentage of vesicular follicles is about 12. It 
increases up to 38 days, then falls until just before puberty, when there is a 
sudden rapid increase (37)* The fall may be due to the large amount of 
follicular atrophy. The number of binovular and triovular follicles is very 
small, about 0.05 per cent (3^)? in contrast to their relative frequency in 
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the mouse. The number of ova of all sizes in the two ovaries at birth is 
about 35,000; at 100 days it has fallen to 8,000; at 400 to 600 days to 5,000; 
and at 950 days to about 2,000. At any one time degenerating ova account 
for 10 per cent of all those present (6). It is now known that the age of the 
female is related to the proportion of polyovular follicles: the younger she 
is the more she has. One report gives the proportion of females with poly¬ 
ovular follicles as 12 per cent (49). 

Comparatively few mitoses are found in follicles below 20 ii in diameter, 
indicating a slow rate of growth up to this size (50). Follicles that are 
destined to rupture begin to grow at the previous heat of the 4-day cycle. 
The growth rate is fairly constant until just before heat, when there is an 
8-fold acceleration. Follicles that will not rupture but that are destined 
to become atretic can be picked out at the third day of the cycle (25). The 
greatest number of mitoses in the granulosa cells is found early between 
heats, and the volume of the theca interna is greatest just before the heat in 
which the follicles will rupture (50). 

The first sign of impending ovulation is a slight indipping of the theca 
interna. As this occurs the first polar body is extruded, and some of the outer¬ 
most granulosa cells have minute lipid deposits within them. At this time 
the follicle is about 0.9 mm. in diameter (7). The theca interna thins out 
at the point of rupture. When ovulation occurs, the follicle collapses; some 
of the granulosa cells and a little liquor folliculi are retained. A small crater 
forms at the rupture point, but it soon heals over, and the follicle again be¬ 
comes somewhat distended by the secretion of more fluid (25). Ovulation 
takes place at 3 a.m. and copulation helps to standardize the time. By 4 hours 
after ovulation the follicle wall has begun to organize, especially the theca 
interna; there is no activity in the granulosa until 6 to 8 hours. The stigma 
is closed about 12 hours after rupture and the central cavity begins to fill 
with fluid. Invading fibroblasts are in the central cavity at 20 to 22 hours 
and development is complete by 50 to 54 hours (51). At 24 hours after 
ovulation a layer of lutein cells has been formed, and at 48 hours these 
cells are well developed. They surround a small core of connective tissue, 
which occasionally contains extravasated blood. The corpora lutea reach 
their maximum size, about 0.8 mm. in diameter, after 3 days, and retrogres¬ 
sion sets in immediately (52), though they may be easily distinguished for 
three cycles (7). The corpora lutea of pregnancy last throughout gestation 
and retrogress slowly, and those of pseudopregnancy continue for 12 days 
and then slowly retrogress. The most apparent sign of retrogression is a 
reduction in the amount of lipid in the lutein cells (7). It has been stated 
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that the mean maximum diameter of the corpus luteum of the normal cycle 
is 1.77 mm., of that of pseudopregnancy, 1.52 mm., and of that of lactation, 
1.59 mm. The corpus luteum of pregnancy increases slowly to 1.45 mm. by 
the eleventh day; then there is a rapid increase to 2.0 mm., at which size it 
remains until parturition. In the delayed implantation caused by lactation 
the secondary growth of the corpus luteum is also delayed. The increase 
can be brought about by the injection of estrogens, probably supplied nor¬ 
mally by the placenta (53). 

In the ripe follicles alkaline phosphatase, ascorbic acid, and lipids are 
limited to the theca interna. These compounds may be found in the granu¬ 
losa when atresia sets in and they are also present in the corpus luteum (54). 
Phospholipids are present in the theca interna of both growing and ripe fol¬ 
licles. They are also present in corpora lutea and reach their maximum in 
mature corpora lutea (55). 

VAGINA. Vaginal changes in the rat are definitely related to the estrous 
cycle and are exceptionally clear-cut, so much so that the vaginal smear is 
an excellent means of determining the stage of the cycle. During metestrum 
the vaginal wall is moist and pinkish, but in estrus it is dry, white, and 
lusterless (7). These changes are associated with the cornification of the 
surface layers during heat and the extensive desquamation at the end of 
this period. It may be noted that these color changes are the opposite of those 
occurring in the domestic ungulates, but in these species not cornification 
but mucification is the rule in estrus. During the interval the epithelium is 
4 to 7 cells deep with little squamous transformation of the surface layers and 
few mitoses in the basal layer. Leucocytic infiltration is always present. 
Toward the end of this period, i.e., during proestrum, mitoses are much 
more frequent and the epithelium increases to 8 to q layers. The surface cells 
swell and become a characteristic surface layer, while, with continued 
growth, those beneath become cornified. These two layers arc gradually 
sloughed off during heat, and at the end of this period a heavy invasion of 
leucocytes appears. This is followed by the “interval” type of epithelium. 

Along with these changes in the vaginal epithelium there are well- 
marked changes in the type of vaginal smear. In the interval nucleated epi¬ 
thelial cells and leucocytes, with an occasional cornified cell, arc formed. As 
heat approaches, the leucocytes disappear and nucleated epithelial cells in¬ 
crease in number and are gradually replaced by cornified nonnucleated cells. 
The beginning of heat (sexual receptivity) usually occurs when the smear 
contains 75 per cent nucleated and 25 per cent cornified cells. This is followed 
by a second stage in which cornified cells only are present. Gradually “pave- 
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merit” cells come in. These are flat, nucleated epithelial cells. During the 
latter part of the cornificd stage the smear becomes very abundant and cheesy 
in texture. Heat may end at any time during the cheesy stage. It is followed 
by the appearance of large numbers of leucocytes and the virtual disappear¬ 
ance of cornificd cells. Two schemes denoting the stages of the vaginal 
smear of the rat have been given, and they are summarized in Table 3. 


Table 3. Vaginal Smears in the Rat 


LONG AND EVANS (7) 

YOUNG, BOLING, AND BLANDAU (56) 

STAGE I 

Small, round, nucleated cells only. Dura¬ 
tion about 12 hours 

PROESTRUM 

STAGE I 

From small, round, nucleated cells only, 
to 75 per cent cornificd cells. Beginning 
of heat is when 25 per cent of the cells 
are cornificd. Duration 8-11 hours 

STAGE II 

Cornificd cells only. Mating mostly in 
this stage 

ESTRUS 

STAGE II 

From cornificd cells only with ovulation 
early in this stage, to cornificd 25 per 
cent, pavement nucleated cells 75 per cent 

STAGE in 

Late cornificd stage, abundant cheesy 
smear. Mating no longer allowed as a 
rule. Stages II and III last about 27 hours 

STACK HI 

I’avciucnt epithelial cells only 

STAGE IV 

Cornificd cells and leucocytes. Duration 
about 6 hours 

METESTRUM ; 

STACiE IV 

Pavement cells and leucocytes 

stac;e V 

P'pithelial cells and leucocytes. Duration 
about 57 hours 

DIESTRUM 



Using Shorr’s technique for vaginal smears it was found that the number 
of acidophils rises in proestrum and then declines. In late metestrum baso¬ 
phils predominate, and these cells become vacuolated in diestrum. The 
complete cellular cycle is not established until 30 days after the first opening 
of the vagina (57). Cyclical changes may be detected in the vaginal smears 
of adult ovariectomized rats but they are not as clear as in the normal animal. 
Acidophil nucleated cells largely replace the cornificd cells. Leucocytes arc 
never wholly absent (58). In the normal vaginal epithelium alkaline phos- 
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phatasc is most plentiful at proestrum; it declines during heat and is least 
in metestrum and early diestrum (59). 

The length of proestrum is 13.5 hours; of estrus, 25.3 hours; of metestrum, 
13.3 hours; and of diestrum, 56.5 hours (60). Another account divides the 
cycle as follows: early heat, 18 hours; heat, 25 hours; late heat, 6 hours; 
early diestrum, 24 hours; diestrum, 28 hours; and late diestrum, 7 hours (61). 

UTERUS. The chief characteristic of the uterine changes is the marked 
distension with fluid that occurs during estrus. In diestrum the uterus is 
always slender, with a slitlike lumen. It is lined by a simple columnar epi¬ 
thelium, and the glands are scanty. During vaginal stage I, or proestrum, 
there are marked vascular engorgement and an accumulation of fluid in 
the lumen, which distends to 5 mm. in diameter, in contrast to the diestrous 
diameter of 1.6 to 2.5 mm. The distension converts the columnar epithelium 
into a cuboidal one. Leucocytes are usually absent from the epithelium. These 
changes are continued in the early part of stage II, but at about the end of 
this stage the distension disappears, and the fluid is lost by drainage through 
the cervices. With the reduction in distension the uterine wall becomes flac¬ 
cid, and the epithelium reverts to the columnar type, but the cells show 
signs of vacuolar “degeneration.” During stage III the vacuolization in¬ 
creases, but regeneration is apparent in stages IV and V (7). Degenerated 
ova from the previous heat remain in the uterus and are washed out with 
the fluid in the uterus during heat (62). 

During pseudopregnancy—a period in which the vagina remains in 
stage V the main change is that more mitotic activity is found in the 
uterine epithelium at about 7 to 8 days after heat; the stroma also shows 
growth which precedes that of the epithelium by a day or two. The glandu¬ 
lar changes at any time are but slight (63). 

During the normal cycle the endometrium does not produce deciduomata 
after traumatization, but they may be produced in pseudopregnancy from 
the fourth to the seventh day (7, 63). This reaction is due to the secretion of 
progesterone by the corpora lutea and affords evidence that this does not 
occur, either at all or as much, in the normal cycle as in the long cycle. On 
the other hand, during lactation, when the corpora lutea become active and 
persist, the endometrium remains sensitized from the fourth to the seven¬ 
teenth day from delivery. After this time it is no longer sensitive (7, 64). 

OVIDUCT. The distal folds of the oviduct are distended by fluid at the 
time of ovulation, and during the 12 hours that the distension lasts the 
eggs are in this part of the tube (7). When the eggs are shed, they are sur¬ 
rounded by granulosa cells which are dispersed by the first spermatozoa to 
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reach them. The average size of the eggs is 71 X 76 /x (65). The tubo-uterine 
junction is 0.3 mm. from the tip of the uterus on the anterior side, not on 
the mesenteric side as in most mammals. The mucosal margin is slightly 
raised, and the last part of the tube is surrounded by a strong muscle (66). 

The level of phospholipids is high in the mucosa during estrus and 
metestrum. The cells are secreting in diestrum (67). The epithelium is 
relatively eosinophilic. Only the cells of the fimbriated end contain lipids. 
The isthmus cells contain akaline phosphatase. No changes in the amounts 
of these substances could be correlated with the cycle (54). 

PITUITARY. The cells of the anterior pituitary in relation to the cycle 
have been studied thoroughly, and the work has been summarized in a 
paper which also contains many original observations. It was found that 
the eosinophil cells do not vary in relative numbers during the normal 
cycle, but the granules are more distinct when the females are in heat. There 
is, however, a drop in the proportion of these cells during the lutein phases 
of pseudopregnancy and pregnancy. The basophilic cells become degranu- 
kited during diestrum (68). 

Changes in the adrenal cortex in relation to the cycle have been dcsScribed. 
The cells of the zona fascicularis and of the cell nests near the medulla are 
enlarged during heat, and their lipid content increases (69). Castration or 
ovariectomy of immature rats causes the gland to hypertrophy; if the op¬ 
eration is performed after puberty, however, atrophy results in females but 
not in males (70). 


PHYSIOLOGY OF THE FEMALE TRACT 

The ovary of the mature rat contains 173 ih 6.5 follicles per ovary. Luteal 
and interstitial cells contain little alkaline phosphatase (71). If the female 
was mated at 5 to 10 hours before ovulation the proportion of ovulated eggs 
lost before the end of gestation was 16.7 per cent. Most were lost as non- 
fertilized or lost after implantation. If coitus was delayed until 8 hours after 
ovulation there was a 68 per cent loss; of this, 27.1 per cent were not fer¬ 
tilized, 14.6 per cent were abnormal, 7.5 per cent were lost before implanta¬ 
tion and 18.8 per cent after implantation. The mean duration of fertile life 
of the rat egg is 13 hours (72). During the fertilization process 47 per cent 
of the ova are penetrated by the spermatozoa during the first hour, 54 per 
cent by the end of the second hour, and 90 per cent by the end of the third 
hour (73). Another account gives a fertile life for the ovum of 10 to 15 
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hours (74). Ovulation occurs between midnight and 4 a.m. The whole 
process takes about an hour. Capacitation of the spermatozoa takes about 2 
hours, and of the egg 2 to 4 hours (75). The maturation of the ovum has 
been studied. The germinal vesicle appears before the onset of heat; the 
chromatin mass at i to 2 hours after its onset; the prespindle and spindle 
stages of the first metaphase at 3 to 4 hours; early telophase at 3 to 5 hours; 
late telophase at 4 to 5 hours; dissolution of the telophase spindle at 6 to 7 
hours, second metaphase 7 to 8 hours; and ovulation at 9 to 10 hours after 
the onset of estrus (76). 

The application of X-rays to the ovaries of the immature rat in doses of 
540 r produces precocious puberty, while 830 r, or more, produce castrate 
atrophy of the accessory organs (77). In the adult female the castration dose 
is approximately 3,000 r, but the corpus luteum is entirely resistant to radia¬ 
tion (78), and in some cases the rats still experience estrous cycles (79). 

In general, the thyroid gland has little relationship to reproduction, but 
it has been reported that the feeding of 0.25 to 0.3 g. of thyroid substance 
daily to females for 3 to 5 days in the cooler parts of the year considerably 
increavSes the litter size. If it is done during hot weather, or if the dose is 
increased, adverse effects result (80). 

It is well known that the thymus gland retrogresses at the time of puberty, 
but not in the gonadectomized animal. The injection of pituitary extract or 
of estrogens accelerates, or brings about, this change (81). 

Pseudopregnancy is induced by the sensitization of the corpora lutea of the 
cycle when the cervix uteri is stimulated. It has already been mentioned 
that the reaction depends upon the integrity of the abdominal sympathetic 
chain. If the stimulation of the cervix is done by a single electric shock during 
late proestrum or estrus, 86 per cent become pscudopregnant at once. On 
the first day of diestrum 54 per cent react at once, and 34 per cent have one 
more cycle. On the second day 13 per cent react at once, and 54 per cent 
have one more cycle. Stimulation during pseudopregnancy does not pro¬ 
long this period (82). Anesthesia of the animal during heat reduces the 
response considerably (83). Pseudopregnancy is also evoked by injecting 
prolactin; hence stimulation of the cervix is believed to cause the release of 
this hormone, which activates and maintains the corpus luteum (84). The 
length of pseudopregnancy, if it is brought about by electrical stimulation 
of the cervix, is 13.0 days. If it is accompanied by extensive bilateral deciduo- 
mata it lasts for 19.9 days. When the corpora lutea are thus activated there 
is an increase in the cholesterol content of this organ but it lasts only 2 
days (85). 
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The pH of the vaginal contents during the normal cycle is as follows: 

Beginning of proestruni pH 5.4 

During estrus pH 4.2 

In dicstrum pH 6.1 

In the ovariectomized rat the pH is 7.0; if 8 I.U. of estrogen are injected, 

it falls to 4.1 (86). These reactions are more acid than those recorded for 

most species. 

In diestrum the amount of fluid in the uterus weighs 0.025 but in 
estrus 0.5 g. is present. Removal of the fluid greatly delays the passage of 
spermatozoa through the tract (87). The pH varies with the stage of heat. 
The following figures may be quoted (88): 


Stage I pH 7.29 

Stage 11 pH 7.31 

Stage III pH 7.69 

Stage IV (diestrum) pH 7.43 


At the time of heat the pH in the uteri is 7.74 (7.43-8.31); in the dilated 
ampulla, 8.04 (7.31-8.53); and in the periovular sacs, 8.05 (7.66-8.41) (89). 

It has been mentioned that ovariectomy does not always interrupt preg¬ 
nancy if it is done during the last third of that period. If the embryos are 
removed, the placentae are retained for the normal time, and paraffin pellets 
also remain in the uterus if placentae are present, either in the same or the 
opposite uterus (90). If all fetuses but one are removed, pregnancy is contin¬ 
ued when the ovaries are removed provided that the placentae are left in situ, 
but the birth mechanism is impaired. It would seem that part of the corpus- 
luteum function is taken over by the placenta (91). If the pregnant female 
is ovariectomized at the ninth day all the fetuses are lost within 2 days. If 
the operation is performed on the seventeenth day 60 per cent are retained 
until term. After ovariectomy the fetuses show pressure symptoms. If the 
females were given 5 mg. progesterone daily, gestation was prolonged to 12 
days. For further prolongation a daily injection of 10 mg. was needed (92). 

The mean contraction rate of excised uterine muscle is lower (31 per 
hour) in estrus than in diestrum (52 per hour) (93) according to one paper, 
but according to another the reverse relationship holds. Contractions tend to 
begin at the tubal end (94). Anaerobic glycolysis and O2 consumption are 
greatest at proestrum and lowest at the end of heat, but aerobic glycolysis 
shows the opposite relationship (95). Adrenalin inhibits contractions in all 
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stages. The minimal effective dose in situ is 0.0005 mg. per kg. of body 
weight (96). 

The tonus of the cervix uteri is low in diestrum. About 4.3 (i”8) hours 
before the onset of heat it is sufficiently contracted to retain fluid within 
the uterus. This condition is maintained for 8.5 (5-12) hours after onset of 
heat. The average duration of this contracted state is 12.8 hours. The 

cervix begins to relax about 4 (o-ii) hours before the end of sexual re¬ 
ceptivity. No spermatozoa from a male with ligated vesicular and coagulat¬ 
ing glands were able to penetrate the contracted cervix (97)* diestrum 
much mucus and numerous leucocytes are within the lumen. This is m 
contrast to the condition in metestrum. At estrus some cornification of the 
lower segment is evident. The upper segment has a coating of columnar 
epithelium (q8). 

If the ovarian bursa is opened, fecundity is reduced (99). Probably this is 
due to the chance given the eggs to escape, as it will be recalled that the 
upper third of the oviduct is distended with fluid at the time when the eggs 
have been shed (7). 

In the female rat creatine is absent from the urine only during diestrum; 
it is also absent if the rats are ovariectomized, and it reappears if estrogens 
are injected. It is absent in the mature male and present in the castrate, it is 
increased in amount following the injection of estrogens, and it disappears 
if androgens are injected (100). These results have been questioned (loi). 
Choline esterase is higher in mature females than in young ones or in males. 
It falls after ovariectomy and is not restored by estrogens, but estrogen and 
progesterone together cause it to rise to normal, or higher (102). 

There is a small quantity of estrogen in pregnancy urine but not in the 
placentae (103). 

It is known that a neurohumoral agent is released from the hypothalamus 
that causes the release of L.H. by the pituitary gland and thus produces 
ovulation. This agent begins to be released about 2 p.m. of the day preceding 
ovulation. Pituitary stimulation is complete in 50 per cent of rats before 4 to 
5 P.M. (104). The stimulation lasts for half an hour (105). A uterine factor is 
involved in corpus-luteum involution, for if the sacral spinal cord is severed 
it prevents involution of the corpora lutea (106). The injection of 1.5 mg. of 
progesterone on the first day of diestrum causes a 4-day cycle to become a 
5-day one by delaying release of the neurohumoral agent. In a 5-day cycle 
the same amount given on the third day of diestrum accelerates ovulation 
to 4 days (107). 

The pituitary of the rat is relatively rich in gonadotrophic hormones, and 
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particularly so in follicle-stimulating hormone (io8). The amount of gon¬ 
adotrophic hormones present is high at birth, rises until the twenty-first day, 
then falls a little until puberty, when the fall becomes abrupt. The amount 
remains at a low level until old age, when it rises slowly. Up to puberty the 
content of the female pituitary is greater than that of the male, but afterwards 
their relative amounts are reversed; this is due not only to the fall in the 
content in the female but to a rise in that of the male (109-111). Ovariectomy 
causes the pituitary to become about 20 per cent more potent; it increases 
rapidly for the first 6 weeks after the operation, then the rate of increase 
becomes slower (112, 113). The increase is mainly in F.S.H. content, and 
slightly in L.H. Injection of estrogen into the ovariectomized female lowers 
the L.H. content to below normal level and causes the F.S.H. to fall to just 
above the normal content (114). The level of gonadotrophic hormones 
in the anterior pituitary shows no variation with the cycle. In the blood, 
F.S.H. is highest in proestrum and estrus. There are two peaks in the 
blood, one in early heat and the other in early diestrum. In the pituitary, 
L.H. is highest late in estrus. In the blood there are two peaks, one in 
proestrum and the other late in heat (115). The weight of the pituitary in¬ 
creases markedly a short while before parturition. Lactogenic hormone in¬ 
creased in the first two thirds of pregnancy. The peak of .051 I.U./mg. was 
reached on day 16; then it decreased and was lowest, at .004 I.U./mg., on 
day 21 (116). The prolactin content of the pituitary of the female is about 
0.28 bird units per mg. in the immature animal. It rises to 0.48 B.U. after 
maturity. During pregnancy it falls slightly, but in lactation there is a 
marked rise. After ovariectomy it falls gradually, reaching 0.18 B.U., which 
is practically the level in the normal male. The injection of estrogens or of 
progesterone raises the level to about 0.7 B.U. Treatment with 200 I.U. of 
estrogen daily for 20 days is more effective than higher doses, which tend to 
depress the prolactin content (117). Prolactin is responsible for the exhibi¬ 
tion of maternal behavior, i.e., the retrieving and nursing instincts (118). 

The level of estrogens necessary to induce the fully cornified vaginal 
smear has been accepted as the “Rat Unit” of estrogenic activity. Tests must 
be made under standard conditions on at least 20 mature ovariectomized fe¬ 
males. The International Unit (I.U.) is approximately one third of the R.U. 
and is defined by the League of Nations Commission on Biological Stand¬ 
ardization as the specific estrus-producing activity contained in o.i y 
( — 0.0001 mg.) of a standard preparation of estrone (119). The potencies of 
various steroid hormones have been determined in terms of Rat Units and 
are on record (120). 
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The properties of estrogen in causing vaginal and uterine changes and 
also copulatory responses can be demonstrated in the immature rat. The 
latter is relatively insensitive until 30 days after birth, when the effective 
amounts are 10 R.U. of estrogen followed by 0.4 mg. of progesterone in a 
single injection (121), or 2 R.U. of estrogen daily for 3 to 4 days (122). Some 
differences in the response to various estrogens have been observed; estrone 
is more potent in causing cornification and uterine hypertrophy, and estriol 
is more potent in opening the vaginal introitus (123, 124). 

In mature ovariectomized rats threshold doses of estrogen do not produce 
continuous heat even when they are injected daily. After the normal length 
of estrus the females cease to be in heat. With daily doses of ^.75 to lo.o I.U. 
(i to 3 R.U.) a cyclical rhythm can be set up in many rats with a cycle 
length of 4.8 ±: .1 days. If the pituitary, also, is removed, the mean length 
is the same, but with the additional removal of the adrenals cycles are sup- 
pressed, either anestrum or continuous heat ensuing. The cycles may be re¬ 
newed in some cases if cortin is injected (125). Desoxycorticosterone and 
progesterone have the same effect (126). 

Sexual receptivity is produced more effectively by the injection of pro¬ 
gesterone along with estrogen than by estrogen alone. Thus, while 20 R.U. 
of estrogen alone produced receptivity in only 10 per cent of ovariectomized 
females and 100 R.U. in 90 per cent, 10 R.U. of estrogen with 0.4 I.U. of 
progesterone was 100 per cent effective (127). 

Continued injections of estrogens into normal females are injurious to 
the ovaries; daily injections of 0.25 to 2.0 R.U. produce a state of continuous 
anestrum or of continuous heat. This is believed to be due to an effect of the 
estrogens upon the pituitary gland (128). 

The injection of estrogens into the immature rat causes hypertrophy of the 
uterus. The maximal increase is brought about by 0.5 y estradiol (6 R.U.); 
0.075 y increases the weight about 50 per cent; and 0.025 7 (^^*3 K.U.) is with¬ 
out effect (129). In the ovariectomized female 0.001 mg. of estradiol 
propionate together with o.i mg. of progesterone produces maximal estroiis 
distention of the uterus (130). Under the same conditions 0.25 y of estradiol 
benzoate daily injected subcutaneously maintains the uterine weight 

It is now believed that estrogens cause the persistence of the corpus lutcum. 
In the rat a minimum of 50 I.U. estrogen daily is needed to produce this 
effect, but the corpora lutea so produced do not last beyond 20 days, their 
normal duration in pregnancy (132). 

The level of progesterone needed to maintain pregnancy in the ovariecto¬ 
mized rat is about 2 Rab.U. daily; i Rab.U. daily maintained 3 pregnancies 
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in 8; below i unit the injections were ineffective (133). This hormone, if in¬ 
jected into the normal pregnant rat, prolongs gestation for from 30 to 
150 hours, but after 70 hours the fetuses are nonviable (134). In pseudopreg¬ 
nant rats after ovariectomy 1.5 Rab.U. given over 4 to 8 days were not 
sufficient to maintain the decidual reaction, but 3.0 Rab.U. and above were 
effective. Estrogen inhibits this effect if it is given in fairly large amounts, 
but it augments the reaction in small doses. Thus, 0.15 7 of estradiol aug¬ 
ments 1.5 Rab.U. of progesterone, but 3 y inhibits the effect of 3 Rab.U., and 
9 7 inhibits 6 Rab.U. but 0.6 7 augments them (135). Progesterone will not 
prolong the life of deciduomata indefinitely (136). 

Pregnancy is maintained after the removal of all but 2 corpora lutea 
on the eighth day of pregnancy. It was partially maintained in two-thirds 
of rats in which all but i were removed on the fifteenth day (137). The 
corpora lutea must produce at least 0.5 mg. of progesterone daily to neutralize 
the normally occurring estrogens of pregnancy (138). During the last third 
of pregnancy the rat ovary contains 7.9 Mg/g. of tissue, and the blood 
0.07 Mg/g. The 4-pregncn-2o^v-ol-3-one content of the ovary is lo.i Mg/g. 
and of blood 0.03 Mg/g. (139)- 

A very large amount of work, in which the rat has been used as the experi¬ 
mental animal, has been done upon the effects of gonadotrophic hormones 
and especially upon pituitary-gonadic relationships. Since the object of this 
book is to bring together as far as possible the major quantitative data, much 
has been neglected unless it seemed to throw light upon the physiology of 
the species. We now give some data relating to the major reactions produced 
by these hormones. 

The ovary of the immature rat will not respond to the injection of gonado¬ 
trophic hormones by the growth of follicles before 21 days, and apparently 
a well-developed granulosa is necessary for this to occur (140). F.S.H. alone 
will not cause the ovaries to develop beyond a weight of 45 mg., and L.H. 
alone will not cause any increase at all; but if F.S.H. is present to cause fol¬ 
licular development, L.H. is able to act and will produce a large increase in 
weight (141). International and Rat standards have been adopted in some 
cases. These are measured by the amount of substance needed to double 
the weight of immature ovaries under certain standard conditions. At pres¬ 
ent there is some confusion as the method of testing varies with the labora¬ 
tory. One of the most pressing needs is the adoption of standard methods 
of assay and their general application. 

It is possible to obtain superovulation in immature rats by carefully regulat¬ 
ing the dose, and in these animals as many as 23 young may be born, and 
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up to 33 embryos have been found. The maximum prolificacy has been ob¬ 
tained when the rats were treated just before the normal time of puberty 
(142). Sixteen R.U. of P.M.S. is about the optimum dose for this purpose; 
a greater amount causes too much luteinization (143). With F.S.H. an 
average of 17 implantation sites was produced against a normal of 10 for 
mature rats. Ten to fifteen R.U. was the optimum dose, and the number of 
young born was almost never in excess of normal, and the average was 6.4 
against 9.0 for normals (144). These rats were slightly younger than those 
used in the P.M.S. work. In mature rats supcrovulation is not produced, but 
the injection of 12 R.U. of P.M.S. in metestrum docs increase the average 
litter size if the rats are bred at the next heat period, but not beyond the 
normal extreme (145). 

The injection of 2 R.U. of estrogen daily for 30 days or more impairs the 
gonadotrophic function of immature rats (146), and 10 R.U. daily for 5 days 
degranulates the pituitary basophils and, to a lesser extent, the eosinophils 
(M7)- 

Castration and ovariectomy cause changes in the anterior pituitary. The 
most marked of these is the production of highly vacuolated (signet-ring) 
basophil cells. These changes may be prevented in the female by a minimum 
of 2 B.U. of androgens daily, hut the male requires 10 B.U. (14H). Estrogens 
prevented changes when given daily in doses of 0.03 R.U. to females and of 
0.4 R.U. to males (149). Progesterone does not prevent them in doses up 
to 3 mg. (150). Ovariectomy increases the gonadotrophic potency of the an¬ 
terior pituitary. After 5 days the latter is nearly 4 times as potent as the 
normal; at 60 days, 31 times; and eventually, 52 times (151)- These figures 
relate to the gland as a whole. Castration increases the I.C.S.H. of the ante¬ 
rior pituitary about fourfold in 3 months. Estradiol decreases it but not to 
the level of the intact males. Estrogen enlarges the pituitaries of intact and 
castrated males equally, but the degree of enlargement in the intact female 
is less than it is in the ovariectomized female (152). 

The minimum doses of hormones that will produce pseudopregnancy 
appear to be as follows: estrogen, 200 I.U. daily (15^); testosterone, 2.5 to 
5.0 mg. given over 10 days (154); testosterone propionate, o.i mg. daily for 
16 days (155); progesterone, i mg. daily for 9 to ii days (156). They act 
by modifying the anterior pituitary function. 

Large acidophilic cells appear in the anterior pituitary during pregnancy. 
These cells increase in numbers from 3 days to 12 days, after which there is 
no further increase, but they persist throughout pregnancy and lactation. 
They also appear in pseudopregnancy and last about 12 days (157). Hypo- 
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physectomy before the eleventh day of pregnancy is followed by resorption 
of the fetuses; when performed at from ii to 20 days of pregnancy, normal 
young are born after a prolonged gestation; but if the operation is performed 
on the twenty-first day, normal parturition follows (158). In another experi¬ 
ment hypophysectomy on the twelfth day was followed with normal delivery 
at term in 25 per cent. The others prolonged pregnancy for i to 3 days and 
the young were delivered late, or resorbed or died (159). Pregnant mare’s 
serum will not maintain pregnancy in early hypophysectomized rats, but 
20 I.U. daily of prolactin does so in most cases (160). 

Large doses of estrogens injected before the nineteenth day of pregnancy 
cause the death of the fetuses, but not after this time (161). Injection of 500 
y of testosterone propionate daily during late pregnancy delays parturition. 
If injected early it prevents, or modifies, fetal development (162). Injections 
made before the sixteenth day produce modifications in the accessory sex 
organs of female fetuses. Administration of 750 to 3,300 I.U. causes vasa 
deferentia to be produced in all female young, but intermediate doses above 
300 I.U. cause them to appear in some of the fetuses. Androstcrone is just as 
effective on an I.U. basis, whereas androstene-dione is not quite so effective^ 
The order of sensitivity of the tract in increasing difficulty of modification is 
as follows: 


Ventral prostate 
Posterior prostate 
Coagulating gland 
Seminal vesicles 
Vas deferens and epididymis 


The Wolffian duct of the left side is more sensitive than that of the right 
(163). Similar injections of estrogens produce effects in male embryos. With 
injections of 1.0 mg. of estradiol dipropionate slight hypospadias was pro¬ 
duced in male fetuses; with 2.0 mg. there was a change in the position of the 
gonad and the degree of hypospadias increased, or the external genitalia 
were modified toward the female. From 3.0 mg. upwards the injections 
caused the external genitalia to be female. No effects were observed upon the 
testes, but there was a relative inhibition of the epididymis, vas deferens, and 
prostate. The Mullerian ducts remained vestigial (164). 

A summary of the relationships between body weight and the weights of 
parts of the reproductive tract, together with much data on prenatal growth, 
has been published in convenient form (165). 
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The water content of the uterine tissue decreases at the time of heat but 
that of the oviducts does not (i66). The placental scar is not a good criterion 
of the number of young born (167). 


THE MALE 

In male rats in the University of Chicago colony sperm heads appear in 
the testes at 33 to 35 days of age. Treatment with anterior pituitary prepara¬ 
tions did not hasten their appearance by as much as 2 to 3 days, but it did 
accelerate the development of the accessory tract (16S). 

Spermatozoa may be found in the testes first at age 56 days. They enter 
the epididymis on the seventy-second day of life (169). According to one 
account the whole of the process of spermatogenesis takes a little less than 
48 days (170). Another gives a 4-day interval between mitoses and about 
16 days for the whole process (171)* The length of the spermatozoon is 
190.0 ± .5 /A, and of the head 12.05 ~ *^5 M (172). The length of the seminif¬ 
erous tubules in a single testis is 20 meters (17^). 

The plug formed in the vagina during copulation has two prongs which 
fit into the cervices. The vulval end is pointed in contrast to that of the 
mouse, in which species it is blunt. It gradually disappears by disintegration 
(174)- The semen is, in part, injected directly in the uteri, as spermatozoa 
appear at the apices within 2 minutes after copulation (175). By 15 minutes 
after coitus they are in the uterine segment of the oviduct in 42 per cent of 
cases, and in the ovarian segment in 2 t per cent. In 30 minutes the corre¬ 
sponding figures are 88 and 62 per cent. After an hour has elapsed sperma¬ 
tozoa can be found throughout the tract in all cases. Only a small proportion 
of those which are deposited in the female reach the infundibulum (176). 

The copulation plug appears to be necessary for the effective insemination 
of the female, in spite of the belief that some semen is injected directly into 
the uterus. Removal of the vesiculae seminales and the coagulating gland, a 
portion of the prostate, was followed by infertility in the majority of in¬ 
stances. In some cases where the operation was apparently incomplete, sper¬ 
matozoa were found in the uteri only when a plug had been formed (177). 

Spermatozoa can survive in the uterus up to 12 hours, in the vagina for 
14V2 hours, and in the oviducts for 16 to 17 hours (178). Those which arc 
stored in the epididymis, with the vasa efferentia ligated, remain capable of 
motility for 42 days, and of fertility for 21 days (179). If the testes are an¬ 
chored in the body cavity, sperm survival is not affected, but castration rc- 
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duces their life to 14 days (180). Testes that arc anchored in the abdominal 
cavity cease sperm production within 5 days, but there is no diminution in 
the output of hormones, at least up to 60 days (181). 

The pH of various parts of the male tract has been given as follows (182): 


Testes 

Epididymis 

Prostate 

Seminal vesicles 


pH 7.2 -7.4 
pH 6.5 -6.6 
pH 7.14 
pH 6.32-6.34 


The effects of the failure to produce testosterone after castration are made 
apparent by a degranulation of seminal vesicle cells in 2 to 3 days (183), and 
by similar damage to the prostate cells within 5 days (184). The weight of 
the seminal vesicles decreases to about one fifth in 5 weeks, but subsequently 
a partial recovery ensues (185). This may possibly be related to the secretion 
of androgens by the adrenal cortex, as this organ is able partially to maintain 
the weight of the ventral prostate in the castrated rat; the effect, however, is 
said to cease after they arc 31 days old (186). The vas deferens does not have 
spontaneous motility but acquires it after castration (187). Androgens re¬ 
store the immotility, but estrogens do not (188). 

The ventrocaudal part of the .scrotal sac is reddish yellow in color and is 
wrinkled. These are .secondary sexual characters as they are lost after castra¬ 
tion (189). After this operation the scrotum loses weight and its mu.scle 
contracts with much less readiness than formerly (185). 

In the Long-Evans strain the prepuce begins to cornify at 31 days of age, 
cleavage to two surfaces begins at 45 days, and separation is complete at 52 
days. If the rats are castrated at 26 days of age, 0.012 mg. of testosterone 
propionate daily causes separation in 3 weeks, and larger doses shorten the 
time (190). If rats arc castrated at birth, the minimal effective daily dose of 
testosterone needed to grow the accessory organs is: to 20 days, 0.03 mg.; 
at 30 days, 0.025 mg.; and from 40 to 60 days, 0.005 mg. After this time the 
amount needed increases rapidly to 0.025 (^ 90 * adult life the amounts 

needed daily to maintain various structures are given below: 


SEMINAL VESICLES 

PROSTATE WEIGHT GRANULES 


> 2 mg. 

0.2 mg. 
< .05 nig. 


Anclrosterone (192) 
Testosterone (193) 
Testosterone propionate (193) 


I mg. 

0.03-0.05 mg. 


0.6 -0.7 mg. 
0.15 mg. 



346 


MAMMALIAN REPRODUCTION 


The amount of testis tissue needed to maintain normal prostate and seminal 
vesicles is 0.07 g., or 3.1 per cent of the total testis weight (194). It may be 
inferred that the testes are capable of secreting about 20 mg. of testosterone 
daily if the fragment of testis continues to secrete at the normal rate, an 
ample margin of safety. According to another account the amount of testos¬ 
terone propionate that will maintain the accessory organs in castrated rats 
of 250 to 300 g. weight is 50 jag daily injected in oil (195). In the hypophys- 
ectomized male 45 gg of testosterone propionate maintained the accessory 
organs at nearly normal weights. The testis weight increased and spermato¬ 
genesis was continued (196). 

In the immature rat the daily injection of 0.05 mg. of testosterone propio¬ 
nate prevents normal testicular growth (197), but higher doses, i.e., 30 mg. a 
week for 4 weeks, stimulate the growth—unless they are continued for a 
longer period, when inhibition results (198). In immature hypophysecto- 
mized rats 2 mg. daily induces sperm formation. Smaller doses are ine/Tcctive 
though they stimulate growth of the accessory organs (199). 

The anterior pituitary of the castrate is twice as potent in gonadotrophic 
hormone as is that of the normal (112). The potency is mainly in F.S.H., and 
it continues so to the twentieth day; from then to 9 months more L.H. is 
produced, and after that time F.S.H. again (200). 

The injection of i R.U. of P.M.S. daily in immature rats caused the testis 
tubules to develop, but no hastening of spermatogenesis was observed. The 
interstitial tissue also developed. High doses caused tubule damage (201). 
The daily injection of 0.5 M.U. of P.M.S. maintained the testis weights of 
hypophysectomized rats if the injections were started at once, but did not 
maintain fertility; i.o M.U. daily was necessary to do this. If treatment was 
delayed, 5 M.U. were needed to maintain testis weights, but fertility was 
lost. Pregnancy urine was less effective in immediate treatment, but more 
so in delayed treatment (202). The daily injection of 10 to 25 R.U. of 
pregnancy urine into normal immature rats did not hasten puberty, but, 
injected into immature hypophysectomized rats, it caused development of the 
interstitial tissue and accessory organs, though regression set in after about 
30 days (203). 

The prolactin content of the pituitary of the male is about 0.16 B.U. per 
mg. of tissue. It varies little in the cryptorchid, but falls to about 60 per cent 
in the castrate (116). 

1. Davis, D. E,, and O, Hall. Physiol. Zool., 24: 9-20, 1951. 

2. Davis, D. E., and O. Hall. Physiol. Zool., 21; 272-282, 1948. 

3. Davis, D. E. AR., 99: 575-576, 1947. 



RODENTIA 


347 


4. Dali, O., and D. E. Davis. Texas Rpt. Biol. Med., 8: 564-582, 1951. 

5. Perry, J. S. PZS., 115; 19-46, 1945-6. 

6. Leslie, P. H., U. M. Venables, and L. S. V. Venables. PZS., 122: 187-238, 1952-3. 

7. Long, J. A., and H. M. Evans. Univ. California Mem., 6; 1-148, 1922. 

8. Bogart, R., G. Sperling, L. L. Barnes, and S. A. Asdell. AJP., 128: 355-371, 1940. 

9. Engle, E. T., R. C. Crafts, and C. E. Zeithaml. PSEBM., 37; 427-432, 1937. 

10. Andersen, D. H. J. Physiol., 74: 49-64, 1932. 

11. Blandau, R. J. AR., 86: 197-214, 1943. 

12. Arai, H. AJA., 27; 405-462, 1920. 

13. Cole, H. H., and R. B. Casacly. E., 41: 119-126, 1947. 

14. Slonaker, J. R. AJP., 68: 294-315, 1924. 

15. Blandau, R. J., J. L. Boling, and W. C. Young. AR., 79: 453-463, 1941. 

16. Murray, G. N. Onderstepoort J. Vet. Sci. Anim. Ind., 16: 331-539, 194*. 

17. Shclesnyak, M. C. AR., 49; 179-183, 1941. 

18. Slonaker, J. R. AJP., 89: 406-416. 

19. Rosen, S., and M. C. Shclesnyak. PSEBM., 36: 832-834, 1937. 

20. Shclesnyak, M. C., S. Rosen, and L. R. Zacharias. PSEBM., 45: 449-451, 1940. 

21. Herren, R. Y., and H. O. Ilaterius. AJP., 100: 533-536, 1932. 

22. Haterius, H. O. AJP., 103; 97-103, 1933. 

23. Cooley, C. L. and J. R. Slonaker. AJP., 72: 595-613, 1925. 

24. Blandau, R. J., and A. L. Sodervvall. AR., 79: 419-431, 1941. 

25. lioling, J. L., R. J. Blandau, A. L. Soderwall, and W. C. Young. AR., 79: 313-331, 
1941. 

26. Fiske, V. M. E., 29: 187-106, 1941. 

27. Hemmingsen, A. M., and N. 15 . Krarup. Kgl. Danske Vid. Sclskab, Biol. Med., 
>3 (7): ' 937 - 

28. Browman, L. G. AR., 67 (suppl.): 107, 1936. 

29. McKcovvn, T., and S. Zuckerman. PR.S., 124B: 464-475, 1938. 

30. Marshall, F. H. A., and W. A. Jolly. TRS., 198B: 99-141, 1905. 

31. Blandau, R. J., and A. L. Sodervvall. AR., 81: 419-431, 1941. 

32. Sodervvall, A. L., and R. J. Blandau. J. Exp. Zook, 88: 55-64, 1941. 

33. Blandau, R. J., and E. S. Jordan. AJA., 68: 275-291, 1941. 

34. Huber, G. C. J. Morphok, 26: 247-358, 1915. 

35. King, H. D. AR., 27: 337 " 3 ^> 6 » ^ 9 ^ 4 - 

36. Hain, A. M. AR., 59: 383-391, 1934. 

37. Babcock, M. J., R. Bogart, G. Sperling, and S, A. Asdell. J. Agric. Res., 50: 
847-854,1940. 

38. Miller, N. Am. Nat., 45: 623-635, 1911. 

39. Astlell, S. A., R. Bogart, and G. Sperling. Cornell Univ. Agric. Exp. Sta., Mem. 
238, 1941. 

40. Ingram, D. L., A. M. Mandl, and S. Zuckerman. IE., 17: 280-285, 1958. 

41. Bunde, C. A., and A. A. Hcllbaum. Proc. Oklahoma Acad. Sci., 19: 23-25, 1939. 

42. Arai, H. AJA., 28: 59”79» 1920-1. 

43. Slonaker, J. R. AJP., 81: 620-627, 1927. 

44. Bloch, S., and E. F'lury. Gynnccologia, 147: 414-438, 1959. 

45. Kidwcll, J. F., and H. J. Weeth. J. Hered., 49: 303-304, 1959. 



348 MAMMALIAN REPRODUCTION 

46. Krcbhici, R. H. AR., 81: 43-65, 1941. 

47. Lane, C. E. AR., 61: 141-153, 1935. 

48. Lane, C. E. AR., 71: 243-247, 1938. 

49. Davis, D. E., and O. Hall. AR., 107: 187-192, 1950. 

50. Lane, C. E., and F. R. Davis. AR., 73: 429-442, 1939. 

51. Pederson, E. S. AJA., 88: 397-427, 1951. 

52. Boling, J. L. AR., 82: 131-145, 1942. 

53. Weichert, C. K., and A. W. Shurgast. AR., 83: 321-334, 1942. 

54. Deane, H. W. AJA., 91: 363-393, 1952. 

55. Buno, W. Compt. Rend. Assn. Anat., 43: 842-847, 1956. 

56. Young, W. C., J. L. Boling, and R. J. Blandau. AR., 80: 37-45* I 94 i- 

57. Jaworski, Z. Ann. d’EndocrinoL, ri: 361-388, 1950. 

58. Mandl, A. M. J. Exp. Biol., 28: 585-592, 1951. 

59. Ring, J. R. AR., 107: 121-131, 1950. 

60. Okigaki, T. Japanese J. Genet., 34: 15-22, 1959. 

61. Mandl, A. M. J. Exp. Biol., 28: 576-584, 1951. 

62. Blandau, R. J. AR., 87: 17-26, 1943. 

63. Allen, W. M. AR., 48: 65-103, 1931. 

64. Lyon, R. A., and W. M. Allen. AJP., 122: 624-626, 1938, 

65. Gilchrist, F., and G. Pincus. AR., 54: 275-287, 1932. 

66. Andersen, D. H. AJA., 42: 255-305, 1928. 

67. Gerard, G., and H. Poletti. Arch. Soc. Biol. Montevideo, 23: 74-82, 1958. 

68. Wolfe, J. M., and R. Cleveland. AR., 55: 233-249, 1933. 

69. Andersen, D. H., and H. S. Kennedy. J. Physiol, 76: 247-259, 1932. 

70. Andersen, D, H., and H. S. Kennedy. J. Physiol, 79: 1-30, 1933. 

71. Ford, I). H., and A. Hirschman. AR., 121: 531-547, i955- 

72. Braden, A. W. H. Fertility and Sterility, 10: 2S5-298, 1959. 

73. Odor, D. L., and R. J. Blandau. AJA., 89: 29-62, 1951. 

74. Braden, A. W. H., and C. R. Austin. Science, 120: 610-61 r, 1954 - 

75. Austin, C. R., and A. W. H. Braden. Australian J. Biol Sci., 7: 179-194, 1954. 

76. Odor, D. L. AJA., 97: 461-491, 1955. 

77. Mandel, J. AR., 61: 295-309, 1935. 

78. Fels, E. Strahlentherapie, 54: 279-293, 1935. 

79. Levine, W. T., and E. Witschi. PSEBM., 30: 1152-1153, 1933. 

80. Kraatz, C. P. PSEBM,, 40: 499-502, 1939. 

81. Chiodi, H. CRSB., 129: 1258-1259, 1938. 

82. Creep, R., and F. L. Hisaw. PSEBM., 39: 359-360, 1938. 

83. Meyer, R. K., S. L. Leonard, and F. L. Hisaw. PSI'.BM., 27: 340-342, 1929. 

84. Evans, H. M., M. E. Simpson, and W. R. Lyons. PSEBM., 46: 586-590, 1941 

85. Dawson, A. B., and J. T. Velardo. AJA., 97: 303-329, 1955. 

86. Beilly, J. S. E., 25: 275-277, 1939. 

87. Warren, M. R. AJP., 122: 602-608, 1938. 

88. Hall, B. V. Physiol. Zool, 9: 471-497, 1936. 

89. Blandau, R. J., L. Jensen, and R. Rumcry. Fertility and Sterility, 9: 207-214, 1958. 

90. Kirsch, R. E. AJP., 122: 86-93, 1938. 

91. Haterius, H. O. AJP., 114: 399-406, 1936. 



RODENTIA 


349 


92. Alexander, D. P., J. F. D. Frazer, and J. Lee. J. Physiol., 130: 148-155, 1955. 

93. Blair, E. AJP., 65: 223-228, 1923. 

94. Clark, A. J., H. H. Knaus, and A. S. Parkes. ]. Pharmacol. Exp. Therap., 26: 

359-369. 1925* 

95. Kerly, M. Biochem. J., 31: 1544-1552, 1937. 

96. Knaus, H. H., and A. J. Clark. J. Pharmacol. Exp. Therap., 26: 347-358, 1925. 

97. Blandau, R. J. AJA., 77: 253-272, 1945. 

98. Hamilton, C. E. AR., 97: 47-62, 1947. 

99. Kelly, G. L. AR., 73: 401-405, 1939. 

TOO. Kun, H., and O. Peczenik. Pfliiger’s Arch. ges. Physiol., 236: 471-480, 1935. 

101. Allison, J. B., and S. L. Leonard. AJP., 132: 185-192, 1941. 

102. Berkhauser, H., and E. A. Zeller. Helv. chim. Acta, 23: 1460-1464, 1940. 

103. D’Amour, F. E., D. Funk, and M. Ik Gdendcnning. PSEBM., 35: 26-27, ^936- 

104. Everett, J. W., and C. H. Sawyer. E., 45: 581-595, 1949. 

105. Everett, J. W. E., 59: 580-585, 1956. 

106. Hill, R. T., and M. Alpen. E., 69: 1105-1108, 1961. 

107. Everett, J. W. E., 43: 38(^-405, 1948. 

108. Witschi, H. E., 27: 437-446, 1940. 

109. Clark, H. M. AR., 61: 175-192, 1935. 

no. Williams, M. McQ. PSEBM., 32: 1051-1052, X935. 

111. Lauson, H. D., J. B. Golden, and E. L. Sevringhaus. AJP., 125: 396-404, 1939. 

112. Clark, H. M. AR., 61: 193-202, 1935. 

113. Evans, H. M., and M. E. Simpson. AJP., 89: 371-374, 1929. 

114. Leonard, S. L. E., 21: 330-334, 1937. 

115. Soliman, F. A., and H. Nasr. Nature, 194: 154-155, 1962. 

116. Reece, R. P., and C. W. Turner. Missouri Agric. Exp. Sta., Res. Bull. 266, 1937. 

117. Grosvenor, C. E., and C. W. Turner. E., 66: 96-99, i960. 

118. Riddle, O. E., L. Lahr, and R. W. Bates. PSEBM., 32: 730-734, 1935. 

119. League of Nations, Jiullctin of the Health Organization, 10: 80-82, 1942-3. 

120. Allen, E., ed., Sex and Internal Secretions. Baltimore, 1939. 

121. Wilson, L. G., anti W. C. ’^'oung. IE, 29: 779-783, 1941* 

122. Leonard, S. L., R. K. Meyer, anti F. L. Hisaw. E., 15: 17-24, 1931. 

123. Dorfman, R. I., T. F. Gallagher, and F. C. Koch. E., 19: 33-41, 1935. 

124. Meyer, R. K., L. C, Miller, and T. R. Cartland. J. Biol. Chern., 112; 597-604, 
1936. 

125. Bourne, G., anti S. Zuckerman. JE., 2: 268-310, 1940-1. 

126. Del Castillt), E. F., and G. tli Paola. E., 30: 48-53, 1942. 

127. Boling, J. L., and R. J. Blantlaii. E., 25: 35 Q- 364 > 1939 - 

128. Button, L. L,, anti C. I. Miller. PSEBM., 34: 835-839, 1936. 

129. Varangot, J. CRSB., 131: 1027-1028, 1939. 

130. Williams, M, F. AJA., 83: 247-307, 1948. 

131. Pacsi, F. J. A., and E. M. van Soest. Acta Endocrinol., 16: 88-99, I 954 - 

132. Donahue, J. K. E., 23: 5 ^i~ 5 ^ 3 > ^ 938 - 

133. Rothchild, I., and R. K. Meyer. PSEBM., 44: 402-404, 1940. 

1 ^4. Nelson, W. O., J. J. I'hffner, and H. O. Haterius. AJP., 690-695, 1930. 

135. Rothchild, I., R. K. Meyer, and M. A. Spielman. AJP., 128: 213-224, 1940. 



350 


MAMMALIAN REPRODUCTION 


136. Sclye, H., A. Borduas, and G. Masson. AR., 82: 199-208, 1942. 

137. Kelsey, R. C., and R, C. Meyer. PSEBM., 75: 736-739, 1950. 

138. Freirc, J. R. C. Ann. Acad. Brasil Cicnc., 27: 79-82, 1955. 

139. Wiest, W. G. E., 65: 825-830, 1959. 

140. Smith, P. E., E. T. Engle, and H. H. Tyndale. PSEBM., 31: 744, 1934* 

141. Fcvold, H. L., and F. L. Hisaw. AJP., 109: 655-665, 1934. 

142. Cole, H. H. Science, 91: 436-437, 1940. 

143. Cole, H. H. AJA., 59: 299-331, 1936. 

144. Evans, H. M., and M. E. Simpson. E., 27: 305-398, 1940. 

145. Cole, H. H. AJP., 119: 704-712, 1937. 

146. Meyer, R. K., S. L. Leonard, F. L. Hisaw, and S. }. Martin. PSEBM., 27: 702-704, 
1929-30. 

147. Wolfe, J, M., and C. S. Chadwick. E., 20: 503-510, 1936. 

148. Nelson, W. O., and T. F. Gallagher. AR., 64: 129-145, 1935. 

149. Hohlweg, W., and M. Dohrn. Wien. Arch. f. Inn. Med., 21: 337, 1931. 

150. Cutuly, E. E., 29: 695-701, 1941. 

151. Lauson, H. D., J. B. Golden, and E. L. Scvringhaiis. E., 25: 47-51, i 939 ' 

152. Paesi, F. J. A., and S. E. de Jongh. Acta Physiol, et Pharmacol. Neerl., 7: 277-288, 
1958. 

153. Nelson, W. O., and S. W. Pickette. AR., 84 (siippl.): 72, 1942. 

154. Fluhmann, C. F., and G. L. Laqueur. PSEBM., 54: 223-225, 1943. 

155. Freed, S. C., J. P. Greenhill, and S. Soskin. PSEMB., 39: 440-442, 1938. 

156. McKeown, T., and S. Zuckerman. PRS., 124B: 362-368, 1937. 

157. Haterius, H. O. AR., 54: 343 “ 353 > 1932. 

158. Pencharz, R. I., and J. A. Long. AJA., 53: 117-139, 1933. 

159. Fortgang, A., and M. E. Simpson. PSEBM., 84: 663-666, 1953. 

160. Cutuly, E. PSEBM., 48: 315-318, 1941. 

161. D’Amour, F. E., and C. Dumont. Quart. J. Exp. Physiol., 26: 215-224, 1937. 

162. Hamilton, J. B., and J. M. Wolfe. AR., 70: 433-440, 193^- 

163. Greene, R. R., M. W. Burrill, and A. C. Ivy. AJA., 65: 415-469, 1939- 

164. Greene, R. R., M. W. Burrill, and A. C. Ivy. AJA., 67: 305-345, 1940. 

165. Donaldson, H. H. The Rat: Data and Reference Tables. Mem. Wistar Inst., 6, 
1924. 

166. Odor, D. L., and R. J. Blandau. PSEBM., 70: 540-543, 1949. 

167. Davis, D. E., and J. T. Emlen, Jr. JWM., 12: 162-166, 1948. 

168. Moore, C. R. AR., 59: 63-88, 1936. 

169. Reid, B. L. Australian J. ZooL, 7: 22-38, 1959. 

170. Clermont, Y., C. P. Le Blond, and B. Messier. Arch. Anat. Micros. Morphol. 
Exp., 48: 37-55, 1959. 

171. Roosen-Runge, E. C. AJA., 88: 163-176, 1951. 

172. Friend, G. F. QJMS., 78: 419-443, 1936. 

173. Bascom, K. F., and H. L. Osterud. AR., 31: 159-169, 1925. 

174. Parkes, A. S. PRS., 199B: 151-770, 1926. 

175. Hartman, C. G., and J. Ball, PSEBM., 28: 312-314, 1930. 

176. Blandau, R. J., and W. L. Money. AR., 90: 255-260, 1944. 

177. Blandau, R, J. AR., 91 (suppl.): 4-5, 1945. 



RODENTIA 


351 


178. White, W. E. J. Physiol, 79: 230-233, 1933. 

179. White, W. E. PRS., 1136: 544-550, 1933. 

180. Moore, C. R. J. Exp. Zool, 50: 455-494, 1928. 

181. Jeffries, M. E. AR., 48: 131-139, 1931. 

182. Lanz, T. van. Pflugcr*s Arch. ges. Physiol, 222: 181-214, 1929. 

183. Moore, C. R., W. Hughes, and T. F. Gallagher. AJA., 45: 109-135, 1930. 

184. Moore, C. R., D. Price, and T. F. Gallagher. AJA., 45; 71-107, 1930. 

185. Tyrrell, W. P., F. N. Andrews, and M. R. Zelle. E., 31: 379-383, 1942. 

186. Burrell, M. W., and R. R. Greene. E., 26: 645-650, 1940. 

187. Martin, T., and J. R. do Valle. CRSH., 127: 464-466, 1938. 

188. Martin, T., and J. R. doValle. CRSB., 127: 1385-1388, 1938. 

189. Hamilton, J. B. PSEBM., 35: 386-387, 1936. 

190. Lyons, W. R., L Berlin, and S. Friedlander. E., 31: 659-663, 1942. 

191. Hooker, C. W. E., 30: 77-84, 1942. 

192. Callow, R. K., and R. Deanesly. Biochem. J., 29: 1424-1445, 1935. 

193. Moore, C. R., and D. Price. AR., 71: 59-78, 1938. 

194. Hansen, I B. AR., 60 (suppl): 56, 1934. 

195. Cavazos, L. F., and R. M. Melampy. Iowa State Coll. J. Sci., 31: 19-24, 1956. 

196. Dvoskin, S. AR., 99: 329-351, 1947. 

197. Biddulph, C, AR., 73: 447-463, 1939. 

198. Shay, H., J. Gerslton-Cohen, K, E. Paschkis, and S. S. Fels. E., 28: 485-494, 1941. 

199. Cutuly, E,, E. C. Cutuly, and R. D. McCullogh. PSEBM., 38: 818-823, 1938. 

200. Hcllbaiim, A. A., and R. O. Creep. AJA., 67: 287-304, 1940. 

201. Cole, H. H. AfA., 59: 299-331, 1936. 

202. Liu, S. H., and R. L. Noble. JE., 1: 7-14, 1939. 

203. Smith, P. E., and S. L. Leonard. AR., 58: 145-173, 1934. 


Rattiis rattiis L. 
BLACK RAT 


Most of the published work on this species has been devoted to studies of 
its rate of increase in different environments. The females are polyestrous 
and in most districts breed throughout the year. In Texas most young are 
born in January to March and fewest in July and August (i). In London 
the lowest point is reached in February, and the highest from March to 
October, with a possible peak in September (2). In Cyprus no pregnant 
females were found in January and very few in February. The principal 
seasons were March to April and September. Embryo counts varied from 
5.2 to 8.0, with the higher figures from more northerly countries. It was 
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high in those living in ships. In the port of London the amount of fetal 
atrophy was 1.9 per female; for ship dwellers it was 1.5 (2). 

Puberty is reached at 70 g. weight, at the age of 1.5 to 2.5 months (3), 
but in many areas it appears to be much later. One account from a northern 
climate gives 6 months for males and 7 months for females (4). Figures 
for several Malayan subspecies show that 50 per cent of males were fertile, 
judging by the presence of spermatozoa in the testes, at weights varying 
from 57 to 76 g. The weights for the 95 per cent fertility level were from 
88 to 201 g. In this investigation it was also found that different subspecies 
had different embryo counts, but much of the variation seemed to depend 
on the environment. The numbers varied from 2.4 to 6.0, and they varied 
with the size of the rat. The distribution between right and left uteri was 
even except for R. r. jalorensis in which the right uterus carried a signifi¬ 
cantly higher proportion (5). In the Ceylonese subspecies, R. r. }{andtaniis, 
puberty was reached in females at 5 to 6 months and the usual litter size 
was 3 to 4 (6). 

Gestation lasts for 21 days and there is a post-partum heat. The average 
litter size in a small sample in captivity was 5.6 (7). 

The sperm head measures ii.o iu. (9.0-12.1) X 1.8 g (1.5-2.1); the mid¬ 
piece width, i.o g (0.7-T.2); and the tail length, 147.0 g (130.3-160.8) (8). 
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7. Kelway, P., and H. V. Tliompson. In A. N. Worden and W. Lane-Petter, eds., The 
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1957- 

8. Hirth, H. F. J. Morphol., 106: 77-83, i960. 


Rattus (Mastomys) concha A. Smith 
MULTIMAMMATE RAT 


A subspecies (R. c. erythroleucus Temminck) of the multimammatc rat 
from Sierra Leone has been investigated. It is polyestrous and breeds at all 
times of the year, but most females are found pregnant in October and 



RODENTIA 


353 


November, at the end of the rainy season. At any other time of the year some 
females may be in anestrum, but the males breed at any time. At puberty 
the males weight 45 g., and the females 40 g., compared with their respective 
mature weights of 105 g. and 83 g. Ovulation is spontaneous, and there is 
a postparturient heat. If the female does not become pregnant at this time, 
a lactation anestrum sets in. A vaginal plug is formed after copulation. The 
uterus is filled with fluid during heat, but not at the postparturient heat. 
The vaginal epithelium becomes intensely mucified during proestrum. 
During heat it becomes cornified below the layer of mucous cells, and in 
metestrum both layers are sloughed off. The mean litter size is 11.5 by 
embryo counts, with a range from 7 to 17. The number of corpora lutea 
is 12.1, with a range from 5 to 19 (i). 

In the laboratory another subspecies, R. c. natalensis A. Smith, gave a 
mean weight at vaginal perforation of 35.7 db 1.8 g., when the age was 
76 ±; 6 days. The range of ages was from 56 to 115 days. At the onset of 
first heat the weight was 39 ±: 1.4 g., and the age 104 ±: 9 days, while the 
age range was from 64 to 145 days. The greater the weaning weight, the 
earlier was the first heat. The mean interval between heats was 8.8 ±: .4 
days, with a mode of 6 days. Anestrous periods were fairly lengthy. 
Proestrum lasted 1.9 ± .15 days, and metestrum for about the same period. 
Pseudopregnancy could not be induced by stimulating the cervix. A post¬ 
partum heat was the rule and the length of gestation was 23.1 ±1 .7 days. 
Erythrocytes could be detected in the vaginal smear at 15.4 ±: 3.2 days after 
conception. According to this account there is possibly delayed implantation 
during lactation, but no lactation anestrum (2). The secondary sex ratio 
was 51.9 per cent males (/?=: 3,928), and the average litter size 7.3 young 

(3)- 

The vaginal smear has been described as follows; 

Stiige I. Proestrum. Fibrous-looking mucus enclosing bunches of prolif¬ 
erating epithelial cells. In later stages large epithelial cells increase. These 
have degenerating excentric nuclei. Some cornified cells are present. 

Stage 11 . Estrus. Cornified cells. 

Stage III. Early metestrum. Leucocytes enter the smear. 

Stage IV. Late metestrum. Leucocytes, degenerating cornified cells, and 
a few proliferating epithelial cells (i). 

Fifty per cent of the males have reached puberty at about 40 g. and the 
testis weight at maturity is 97 it .02 mg. In this colony vaginal perforation 
was at about 44 g. (4). 
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In the north Camcroons pregnant females were found only from October 
to December (5), but in the Belgian Congo these rats bred during the 
dry season, from April to September (6). In the London zoo litters have 
been recorded throughout the second half of the year (7). In Tanganyika 
adult males are in breeding condition all the year. Breeding falls off after 
July and August and there is little between October and April, i.e., at the 
end of the rainy season and beginning of the dry season. In 10 pregnant 
females the range of embryos was 3 to 16, mean 11.2 (8). 

1. Brambell, F. W. R., and D. H. S. Davis. PZS., iiiB: i-ir, 1041. 

2. Johnston, H. L., and W. D. Oliff. PZS., 124: 605-613, 1954-5. 

3. Oliff, W. D. J. Anim. Ecol., 22: 217-226, 1953. 

4. Pirlot, P. L. Mammalia, 21: 385-395, 1957. 

5. Sanderson, I. T. TZS., 24: 623-725, 1938-40. 

6. Pirlot, P. L. Ann. Mus. Congo Beige, Tervueren, Ser. Zool., Nouv. Ser. in 4®, i: 
41-46, 1954. 

7. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

8. Chapman, B. M., R. F. Chapman, and I. A. D. Robertson. PZS., 133: i-9> i959~^o. 

Rattus bowersi Anderson. In Malaya 50 per cent of the males are fertile 
at 166.5 — 4-9 95 33 ^*^ — ^-4 Embryo counts of 2 and 

5 have been recorded (1). 

R, cantis Miller. In Malaya 50 per cent of males arc fertile at 67.4 ± .5 g., 
and 95 per cent at 145.4 — -5 S- The females reach puberty at 120 g. and 
over. The mean embryo count was 3.0, range 2 to 6, mode 2 (i). 

R. cremoriventer Miller. In Malaya 50 per cent of males are fertile at 
19.0 db .2 g., and 95 per cent at 61.2 ±; .2 g. The females reach puberty at 
50 g. and over. The embryo count has ranged from 2 to 5, mode 3, mean 

37 ( 0 - 

R, exiilans Peale. In Malaya 50 per cent of males arc fertile at 22.2 ± .3 
g., and 95 per cent at 24 g. (2). I'hc embryo count varied from r to (S, 
mean 4.3, and mode 4 (r). In Selangor the rat breeds all year, and at any 
time 25 to 30 per cent of the mature females are pregnant (3). In New 
Caledonia limited numbers give a season from November on and from April 
on, i.e., in spring and fall (4). 

R. hawaiiensis Stone. This rat has a very uniform season throughout the 
year. There is a post-partum heat, and gestation is not less than 21 days. The 
mean litter size is 3 to 4. Fetal counts have averaged 3.8 (5). 

R. mulleri Jentink. In Malaya 50 per cent of males arc fertile at 172 ± .6 
g., and 95 per cent at 378.7 zt .9 g. The females reach puberty at 280 g. 
upward. Most pregnancies are found from July to December. The mean 
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embryo count is 3.8, mode 3, and range 1-9. They are equally distributed 
in the uteri (i). 

R, rajah Thomas. For the subspecies, R, r. surifer, a report gives 50 per 
cent of males fertile at 67.5 ± .3 g., and 95 per cent at 145.i ± .4 g. Females 
reached puberty at 150 g. and up. The mean embryo count was 3.3, range 
2 to 5, mode 3, equally distributed between the uteri (r). For the sub¬ 
species, R, r. pellex, 50 per cent fertility for males was at 68.9 ±: .8 g., and 
95 per cent at 160.7 ±: -9 ^hh female puberty at 150 g. upwards (i). 

R. sabantis Thomas. This Malayan rat breeds in Selangor the year round, 
and II to 17 per cent were found pregnant at one time (3). However, most 
pregnancies are found from July to September. The females attain puberty 
at 20 g. and up. The embryo count varied from i to 7, mean 3.1, mode 2 
and 3. The embryos are equally distributed between the uteri (i). 

R. whiteheach Thomas. In Malaya this rat breeds throughout the year but 
most pregnancies are found from October to March. Fifty per cent of males 
are fertile at 35.6 ±: .1 g., and 95 per cent at 44.7 ± .1 g. Puberty in the 
female is attained at 35 g. and up. Embryos are equally distributed between 
the uteri and number from i to 6, mean 3.0, mode 3 (i). In Selangor 20 
to 2Q per cent of the adult females examined were pregnant (3). 

R, {Hylomysciis) allcni Tliomas and Wroughton. A specimen has been 
recorded with 3 embryos (6). 

R. (//.) canlltts Thomas. Lactating females of this African rat have been 
found in May (7). 

R. (OcJiromys) woosnami Schwann. In South West Africa this rat has 
been found in November with 2 fetuses (8). 

R. {Praoinys) mono Trouessart. Pregnancies have been reported from 
the Cameroons in January and February, each with 3 embryos (9). 

R. (P.) Uiitac Heller. A lactating lemale of this African rat has been re¬ 
ported in April (10). 

R, (P.) tullbcrgi Thomas. In the Belgian Congo this rat bred towards 
the end of the rains and early in the dry season, from September to March 
(11). There arc reports of females in December with 3 and 6 embryos and 
of one in January w'ith 3 (6). Tw^o records each gave 2 nestlings (12, 13). 

R. {Stochomys) longicaudatus Tullberg. A female of this African rat w'as 
found in August wnth 2 embryos, both in the left uterus. A lactating female 
w^as found in December (6). 

1. Harrison, J* L. PZS., 125: 445-460, 1955. 
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Melomys cervinipes Gould 
TREE RAT 


Embryo and litter counts of this Queensland rat give a range from i to 4, 
mean and mode 3 (i, 2). Breeding ceases in the dry season (3), 

Puberty is at age 7 months (4). 

1. McDougall, W. A. Queensland J. Agric. Sci., 3: 1-43, 1946. 

2. Tate, G. H. H. AM., 102: 199-203, 1953. 

3. Trough ton, E. Furred Animals of Australia. New York, 1947. 

4. Davies, S. J. J. F. }. Roy. Soc. Western .Australia, 43: 63-66, i960. 


Uromys caudimacidatus Krefft 

This Australasian mouse has been reported with 4 young (i). 

I. Tate, G. H. H. AM., 102: 199-203, 1953. 


Coelomys bicolor Thomas 

This Ceylonese rat has been reported in February with 3 embryos (i). 

I. Phillips, W. W. A. Ceylon J. Sci., 14B: 209-293, 1927-8. 
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Malacomys longipes Milne-Eclwards 


In the north Cameroons this mouse breeds in the early rains, from March 
to June (i). A January record of a female with 3 embryos has been made 

(2). 

1. Sanderson, 1 . T. TZS., 24: 623-725, 1938-40. 

2. Hatt, R. T. AM., 76: 457-604, 1939-40. 


Mus bactrianus Blyth 
PERSIAN HOUSE MOUSE 


This Asiatic mouse when kept in the laboratory is polyestrous and breeds 
all the year around. It experiences a postparturient heat. The mean age at 
which the female gives birth to her first litier is 177 zb 6.2 days. Gestation 
lasts 20 days if the female is not suckling. The mean litter size is 4.4 ±: .09 
( 0 - 

I. Green, C. V. JM., 13: 45-47, 1932. 


Mus muse ulus L. 
HOUSE MOUSE 


The house mouse is polyestrous all the year round, and in all respects its 
reproductive cycles closely resemble those of the rat. As the cycle has been 
described in detail under that species, reference should be made to it there. 


THE WILD MOUSE 

In urban buildings 22 per cent of the female mice arc pregnant at one 
time and in grain ricks, 40.6 per cent. Similarly, the number of litters per 
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year is 5.5 in buildings and 10.2 in grain ricks; the number of young, 30.9 
and 57.2 respectively. Puberty in the females is reached between 8 and 12 g., 
and in the males between 10 and 15 g. There was no marked seasonal trend, 
but the weight did vary with the environment. There is a slight tendency 
for more embryos to be carried in the right uterus (1). Mice living in 
grain ricks in England had a live embryo count of 5.66 ±: .07. The average 
number of resorbing embryos per female was 1.9, and 16.6 per cent of females 
displayed some amount of resorption (2). 

In Mississippi the pregnancy rate was 46.8 per cent of mature females and 
the average embryo count was 4.8 =b .09. There was little difference by 
months. Breeding tended to be a little lower from December to March and 
in July. A body length of 2y2 inches denoted sexual maturity (3). In Malaya 
50 per cent of males were fertile at 9.0 zb .01 g., and 95 per cent at 12.1 zb 
.01 g. Females reached puberty at 8 g. and up. The mean embryo count 
was 4.3, mode 4 and 5, range i to 7, equally distributed between the uteri (4), 
In Ceylon the mouse has 3 to 5 litters a year, usually with 5 or 6 young. 
They breed throughout the year (5). 

In Britain confined populations have a higher proportion of nonfecund 
females than wild-caught ones. When the former were allowed to disperse 
in a large pen the reproduction rate increased (6). A low-density popula¬ 
tion had embryo counts from 6 to 23 and a very high-density one from 
5 to II (2). 

The subspecies, M. m, molossiniis Temminck, of Japan breeds throughout 
the year but the pregnancy rate is highest in the fall, less in spring and 
summer, and least in winter. Spermatozoa may be found in the epididymis 
all year. Testis weight and accessory-gland activity arc highest in the fall 
and least in winter. The count of normal fetuses was 5.6 zb .28. Atrophic 
fetuses amounted to 0.3 per female. The highest fetus count, 6.6, was found 
in the fall; the number of atrophic fetuses was then at its lowest (7). The 
average litter size at birth was 5.4 =b .09 (8). The cycle length, by vaginal 
smears which are typically murine, was 6.0 bz .08 days, mode 4 and 5. 
Proestrum lasted 0.7 days; estrus 2.3; metestrum 0.6; and diestrum 2.4 (9). 
Copulation usually occurs between proestrum and estrus. The placental 
sign was found at 8 to 13 days, mean ir.2 zb .1:5. Most parturitions occur 
round midnight. The gestation period in the nonsuckling female lasted 
20.24 zb .12 di^ysj it was higher in the suckling female (10). The vagina 
opened at 64.2 zb .5 (35-7^) and mature follicles were present in the 

ovaries at 65 days. Reproduction declined at 600 days. The testes descended 
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at 254 ± 1 .4 days, range 16 to 45 days. Spermatozoa were present in the 
epididymis at 40 days (ii). 


THE LABORATORY MOUSE 

The age of establishment of the vaginal orifice is somewhat variable. One 
investigation gave a spread from 28 to 49 days, a mean of 35.5 zb .3 days, 
and a standard deviation of 4.75 days. In this investigation the weight at 
opening gave a slightly closer fit than age. The mean weight was 13.15 :±: .08 
g. (12). Temperature has some c/Iect on the time of opening. In mice raised 
at 60 to 64° F. cycles began at 30.8 days, while in those raised at 80 to 92° F. 
they began at 34.2 days (13). There was no difference between mice kept in 
total darkness, in darkness with i hour of light daily, with red light, or kept 
normally (14). The vagina opens 1.4 days before the onset of the first heat 
(15). In a strain of albino mice the females reached puberty at 27.91 zb .26 
days (16). 

The length of the estrous cycle varies from 3 to 9 days, with an average 
at 4.5 days, and a mode of 4 and 6 days. However, the length appears to 
vary with the color of the mouse. Brown mice have the longest cycles, a 
modal length of 5 and 6 days; grays and yellows, 5 days; blacks, 4 days; and 
albino “browns,” 4 days. Most of the prolongation was in the duration of 
heat (17). A small decrease in environmental temperature has no marked 
effect upon the duration of cycles, but a reduction to 0° C. increases the 
interval from 4.02 zb .14 to 11.16 zb .59 days. After one week at the lower 
temperature the cycle is restored to its normal length (8). The onset of heat, 
as judged by willingness to mate, usually occurs between 10 p.m. and i a.m. 
The spontaneous ovulation is usually between 12 midnight and 2 to 3 a.m., 
and the spread is from 11:30 p.m. to 4:40 a.m. It occurs, therefore, about 2 
to 3 hours from the onset of heat, but the interval is variable. If mice are 
submitted to a reversal of the time of light, and are also subjected to t6 to 
17 hours of light, the onset of the first heat is accelerated and they mate at 
the time customary under usual light conditions, i.e., in the dark hours (19). 
Mating has no effect on tlie time of ovulation. The first polar body is nearly 
always extruded between the onset of heat and ovulation. At the time of first 
acceptance of the male the vaginal smear consists of from 21 to 95 per cent 
cornified cells (20). The conception rate is highest from June to August 
and lowest from October to January. The litter size and sex ratio are 
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relatively constant throughout the year. For over 20,000 deliveries the litter 
size, including stillbirths, was 5.6 (21). 

The mouse requires a sterile copulation or stimulation of the cervix uteri 
to activate the corpus luteum in the absence of fertile copulation, and then 
she displays the phenomenon of pseudopregnancy which lasts for 10 to 
12 days (22). 

Heat and ovulation occur within 24 hours after parturition. If the female 
is allowed a sterile copulation at that time, the ensuing pseudopregnancy is 
prolonged to 21 to 29 days if she is suckling. In nonsuckling animals and in 
those suckling only 1 or 2 young this prolongation is not observed (22). 

The ova take 3 days to traverse the oviduct and remain for i day in the 
last portion of the tube (23). 

The litter size in mice has been the subject of many papers (it, 12). The 
means reported vary from 4.5 to 7.4. The second litter is the largest, and 
there is a steady decrease afterwards so that the sixth litter averages less than 
the first (12). Fertility rises slightly through the year to July and September. 
Litters during lactation tend to be 0.3 lower than those born when the mother 
is not lactating (13). Counts of corpora lutea, embryos, and young born 
have averaged 8.4, 6.35, and 5.86, respectively, showing the considerable loss 
that occurs from ovulation to birth, due to loss of eggs, failure of implanta¬ 
tion, and fetal resorption. The embryos are distributed about equally between 
the two uteri, but there are too many occurring all on one side, because of 
pathology of one oviduct (14). If uniovular twins occur they must be in¬ 
frequent, less than 0.7 per cent (15). The sex ratio is about 52 per cent males 
(16), and the duration of gestation is 19 days, varying from iS to 20. If the 
female is suckling at the time, implantation is delayed, and gestation is 
prolonged, on the average, by 21 hours for each suckling young (17). Most 
births take pace from 4 p.m. to 4 a.m., and the fewest from 4 a.m. to 8 a.m. 
The female remains in seclusion an average of 4 hours and 40 minutes, 
during which time the litter is born (18). 

Twenty-four females were paired monogamously and kept with their 
mates for a year. During this time the number of pregnancies was 197 and 
the young weaned numbered 1,149. Another 24 were caged 4 to a cage with 
a male and were then kept from the males before the birth of their litters 
and until after weaning. They had no pregnancies and a total of 559 young 
weaned. There was no difference in mortality of breeding females; the 
litter size, weight of young at weaning, and the sex ratio at weaning were 
significantly affected by the number of young weaned (32). 

For lactating mice the mean gestation period was 28.8 ± 1.3 days. In this 
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strain the mean litter size was 9.6 for the first litter (33). At the post-partum 
heat the females ovulate between 8 p.m. and 8 a.m. on the night following 
delivery, irrespective of the time of delivery. Most cyclic females ovulate 
between 11:30 p.m. and 1:30 a.m. (34). In a count of corpora lutea per litter 
order the number rose to the third litter and then remained fairly constant. 
It was not influenced by genetic differences between strains (35). In 106 
litters without prenatal loss, a count which was designed to estimate the 
primary sex ratio, the proportion was 50.1 per cent males (36). The maxi¬ 
mum frequency of the commencement of birth was between i and 4 a.m. 
The time can be changed by altering the light rhythm (37). In one strain 
the sex proportion of stillborn mice was 47.3 ±: 2.2 per cent males, the same 
as that of living sibs. In 14-day old fetuses it was 55.9 ±: 3.9 per cent males 

(38). 


HISTOLOGY OF THE FEMALE TRACT 

OVARY, At every heat period an average of 400 to 500 young ova in each 
ovary differentiate, but most arc destined for atresia. Semispaying does not 
increase the number differentiating, but it does increase the number that 
mature, thus giving the normal number of ovulations from one ovary instead 
of from two (39). The graafian follicles measure about 0.4 mm. in diameter 
2 days before heat, when they begin their rapid ripening growth. They meas¬ 
ure about 0.7 mm. when ovulation occurs (40). After rupture of the follicle 
the granulosa cells mostly remain and hypertrophy to form the lutein cells. 
The spindle cells of the theca interna and externa divide by mitosis to form 
connective-tissue strands. Theca interna cells do not enter into the formation 
of lutein cells, but polygonal cells arc formed from them, which, however, 
degenerate within 60 hours of ovulation (41). 

New ova are produced from the germinal epithelium, and most mitoses 
are found in this layer immediately following ovulation (42). The injection 
of estrogens during the diestrous period causes mitoses to occur during that 
time, when normally there are few (43). Follicular atresia varies in a cyclical 
manner; it is highest the day after heat and lowest on the next day (44). A 
count made in too ovaries revealed 2 polynuclear ova, 16 binovular and 2 tri¬ 
ovular follicles, and 13 anovular follicles, which were in an advanced stage 
of atresia (45). The average diameter of the ovum is 78.4 /x or, with the 
zona pellucida, 95.4 /x (46). The distribution of ova shed from the ovaries, 
i.e., the relative ovulation rate, is random (47). 
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VAGINA, etc. The vagina and vaginal smears are similar to those found 
in the rat. By the use of colchicine and estrogens in the ovariectomized mouse 
it has been shown that growth of the vaginal epithelium starts at the uterine 
end and proceeds toward the vulva (48). 

The uterine changes are also similar to those in the rat. There is a heavy 
leucocytic infiltration of the endometrium just after heat (49). 

The ciliated and nonciliated cells of the oviduct secrete and show maximal 
activity during heat. Eosinophil lipids are formed during diestrum and are 
secreted during estrus (50). 


PHYSIOLOGY OF THE FEMALE TRACT 

The ovary of the mouse seems to have remarkable powers of regeneration, 
since in 121 mice doubly ovariectomized with the removal of the capsules 
and parts of the oviducts all ceased to experience cycles at first, but later 11 
of them came into heat. Of these, 8 were found to have ovarian tissue with 
follicles and corpora lutea (51). The injection of anterior pituitary extract 
did not increase the percentage of recovery (52). The role of the ovary in 
maintaining estrous cycles has been c|uesti()ncd, as it was found that X-ray 
sterilization before puberty, with oocytes, follicles, and follicular tissue all 
apparently rendered nonfunctional, did not prevent most of the mice from 
having estrous cycles. The tubular genitalia remained normal (53). When 
the experiment was repeated with adult mice, the average length of cycles 
was increased to 6.0 to 6.6 days, but it became more variable (54). Perhaps 
these experiments should be considered in conjunction with the preceding 
in which regeneration after ovariectomy was recorded, though they have 
recently been used as evidence for the secretion of estrogens by tissues other 
than the granulosa cells. 

The average time required for completion of ovulation is 5 hours, 4 of 
which may be taken up with capacitation of the ovum. The interval between 
ovulation and penetration by the spermatozoon is 5 hours. Capacitation of 
the spermatozoon requires about i hour. The spermatozoa may reach the 
ova in 15 minutes after mating but in the majority of females not until i 
hour has elapsed (55). 

It is believed that the graafian follicles secrete sufficient estrogen to induce 
heat early in their growth, since ovariectomy 36 to 48 hours before heat does 
not prevent its occurrence at the usual time (56). 

If 0.04 to 0.06 R.U. of estrogen is injected into mice, i.c., considerably less 
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than the amount needed for cornification, the vaginal epithelium is con¬ 
verted into a mucus-secreting type (57). The same effect can be brought 
about if progesterone is injected together with a comifying amount of estro¬ 
gen (58). If a pituitary extract is injected during diestrum ovulation fol¬ 
lows II to 13 hours later (34). 

Deciduomata can be produced by traumatization of the endometrium 
during pseudopregnancy. The reaction is strongest at 3 to 4 days and slight 
at 5 to 6 days. They can also be evoked, but not so strongly, in a pseudo¬ 
pregnancy which is concurrent with lactation. They cannot be produced 
after X-ray sterilization, or after X-ray treatment and the injection of anterior 
pituitary extract to cause lutcinization (59). Removal of the ovaries at any 
time during pregnancy causes resorption of the embryos or abortion (60, 61). 
Hypophysectomy at mid-pregnancy does not cause the pregnancy to end 
(62). 

Pregnancy cells appear in the anterior pituitary of the mouse at the ap¬ 
propriate time. The reaction depends upon the ovary, as the injection of 
anterior pituitary extract can produce the effect, but only in the intact ani¬ 
mal. It can also be produced in males by injection if ovaries have been 
transplanted into them. In other words the reaction is dependent upon the 
presence of corpora lutea (63). During pregnancy there is a leakage of red 
blood cells from the placenta, known as the placental sign, which can be 
detected in the vaginal smear from 9 to 10 days (64). Ovariectomy i to 12 
hours after the vaginal plug has been formed locks the eggs in the oviduct. 
One injection of 200 R.U. of estrogen is sufficient to repair the damage to 
the tubes and allow the eggs to descend (65). 

The vaginal pH varies with the cycle as follows: diestrum, 7.4; proestrum, 
7.0-7.2; cstrus, 6.S-7.(); metestrum, 7.8. For 2 to 35/2 days after mating it 
remains constant at 7.6, from which one may infer that fertilization has 
occurred (66). 

The pH of the uterine fluid at different stages of the cycle is as fol¬ 
lows (67) : 


Stage I 

6.97 

Stage II 

713 

Stage III 

7.50 

Stage IV (diestrum) 

7.20 


These figures are all about 0.2 units below the corresponding ones in the rat. 
The uterine muscle is slightly more responsive to oxytocin during heat 
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than between heats, and the response during pseudopregnancy is compara¬ 
tively low, just as it is during pregnancy (68). 

The Mouse Unit of estrogen is often used as a measure, but it varies with 
the laboratory from 0.2 to i.o of a Rat Unit. This variation may be caused 
either by differences in the method of testing or by strain differences. It 
should be valuable if several strains could be tested by a standardized tech¬ 
nique and the results expressed in international units. If there is a great 
difference between strains, an inquiry into the mode of inheritance might 
yield valuable results. There is also a seasonal difference, since the response 
to I I.U. is three times as great in May as it is in November (69). If estrogen 
and progesterone are injected in sequence, sexual receptivity is more easily 
produced in the ovariectomized mouse than it is if estrogens alone are 
injected. The optimal amount of progesterone is 0.05 I.U., and the optimal 
interval is 48 hours (70). The pregnant mouse produces about 1.5 mg. 
(=1.5 Rab.U.) of progesterone daily, according to the method of estrogen 
neutralization (71). The adult female’s pituitary contains 0.25 R.U. of pro¬ 
lactin per mg. of tissue (72). The non-pregnant mouse excretes i to 2 I.U. 
of estrogen per month (73). 

During pscudopregnancy the levels of estrogen and progesterone in the 
blood are low. Progesterone rises for 3 days and then remains high until 
the ninth day, when it decreases, reaching a low level at 12 days. Estrogen 
declined for 3 days and was absent until the ninth day when it rose but 
immediately declined. In pregnancy much the same pattern is followed, but 
on day 9 progesterone decreases abruptly and remains low. E.strogen was 
low until the eleventh day. Then it rose somewhat, and there was another 
slight increase immediately before parturitiem. In a more recent report free 
progesterone in the scrum of the pregnant mouse rose to a peak of 8 proges¬ 
terone equivalents per ml. at days 7 and 8, then it fell to day 13, rose again 
on day 15, and then fell steadily. The histology of the corpus luteum suggests 
that this organ ceases to be active about day 14 (75). In diestrum the free 
plasma progesterone is lowest, at 0.5 progesterone equivalents per ml. During 
proestrum and estrus it rises to 4 progesterone equivalents per ml., and then 
decreases through metestrum (76). 

During pregnancy the level of gonadotrophic hormone in the pituitary 
gland is highest at 12^/2 to 1554 days. It is intermediate at GYi days and least 
at 9V2 and 1854 days. Most secretion is released early in pregnancy. The 
weight of the gland increases significantly during pregnancy (77). 

The ovaries of immature mice do not respond to pituitary implants until 
the mice are 15 days of age (78). After this age, but while they are still im- 
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mature, 2.5 I.U. o£ P.M.S., or 1.5 I.U. of P.U., are needed to cause ovulation. 
During pregnancy it may be induced by 0.7 I.U. of P.U., but in diestrum 
i.o I.U, is required (79). Hysterectomy reduces the response to threshold 
doses of chorionic gonadotrophin in 20-day-old mice (80). Prolactin injected 
into the female suspends cycles for 3 weeks; then a prolonged estrus of 4 
to 8 days occurs in spite of continued injections (81). Three micrograms 
of estrone injected daily produces continued heat, as judged by the cornified 
vaginal smear, but by 17 days this reaction ceases (82). 

The minimal dose of estrogen that will produce uterine distension is 
100 M.U. (divided into 4 injections given over a period of 36 hours), but 
distension did not occur in all cases until the dose was raised to 400 M.U. 
At over 100 M.U. copulation was induced in 50 per cent of cases (83). The 
injection of 500 M.U. produced overstimulation of the uterus, and greatly 
distended glands, with a Swiss-cheesc effect, were observed (84). In the 
normal cycle the injection of 7.5 R.U. of estrogen when the eggs are in 
the tube causes them to be retained or “tube-locked” (85). Similar effects 
arc produced by testosterone propionate, 0.5 mg. of which causes some delay 
in the passage of ova, while 2.0 mg. completely prevents it (86). One to three 
M.U. of estrogen induces estrous vaginal smears in mice pregnant 2 to 6 
clays, with resorption of the embryos. The same effect with resorption or 
abortion is caused by the injection of 2 to 2.5 M.U. between 4 and 10 days. 
After TT days 3.0 M.U. or more are needed (64). In the pregnant mouse 
ovariectomized at 14 to 15 days, i.o mg. of progesterone daily is needed to 
maintain the pregnancy (87). The daily amount of progesterone needed to 
sensitize the endometrium to produce deciduomata on traumatization lies 
between 0.25 and 0.5 mg. (88). In normal pseudopregnancy deciduomata 
produced on the third day persist for 5 days. If i mg. of progesterone daily 
is injected subcutaneously for a period beginning within 3 days of trauma¬ 
tization, they survive for 10 days, but not longer even though the injections 
are continued. The same effect can be produced in ovariectomized females. 
The additional injection of estrogens or of androgens do not affect the 
survival time (89). 

In lactating mice with what should be delayed implantation, an injection 
of 0.04 of estradiol causes implantation to occur at the normal time. The 
injection of 5 or 10 I.U. of scrum gonadotrophin on day 3 or 5 also results 
in normal implantation. In these experiments the litter size was standardized 
at 8 (33). 

In females ovariectomized before implantation, i mg. of progesterone 
daily caused implantation. But with suckling mice ovariectomized on the 
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sixth day, progesterone was without effect, although a single injection of 
0.5 g. of estrogen brought it about. It was inferred that no estrogen is 
secreted by suckling mice as no follicles develop during this time (90). 

In the diestrous mouse 8 R.U. of chorionic gonadotrophin, 2 to 5 R.U. 
of equine gonadotrophin, or R.U. of sheep or pig pituitary caused ovu¬ 
lation in 50 per cent of the mice (91). 

If a mated female is exposed within 4 days to a strange male, pregnancy 
or pseudopregnancy is blocked and the female returns to estrus within 
3 to 4 days of exposure. The influence causing this blockage is olfactory (92). 

The X-zone of fuchsinophil cells has been observed in the adrenal 
cortex. The injection of 0.4 mg. of testosterone propionate daily causes it 
to disappear or prevents its formation in adolescent male and females, adult 
females, and in adult castrated males (93). 

Estrous cycles are suppressed by the daily injection of 20 fig. of testosterone 
and also of 200 fig. of progesterone (98). 

The prenatal growth of the mouse has been studied in detail, and tables 
of growth have been prepared (95). 


THE MALE 

The testes develop rapidly to 60 days of age and then slow down. They 
are fully mature at 40 days. Spermatozoa are first found in the testes at 30 
days old (96). The length of seminiferous tubules in one testes is 2 meters 
(97). The sperm head measures 7.9 fi (7.5-8.3) X 3.2 fi (2.6-3.4); the mid¬ 
piece, 18.4 fi (t6.o~2i.i) X 1.3 fi (o.S-i.S); and the tail length, 115.0 fi 
(i 10.0-125.4) (98). Another report gives the sperm length as 125.5 :±; .5, and 
the sperm-head length 8.27 d= .04 (99). 

Study of the growth of the seminal vesicles indicates that testicular an¬ 
drogens equivalent to 65 fi of testcrone propionate are secreted daily between 
the ages of 30 and 50 days (100). Spermatogenesis takes 34^/2 days (loi). 

In the developing male the seminal vesicles increase in weight most rapidly 
at a body weight from 19 to 24 g. If postpuberal castration is performed, they 
lose half their weight in 7 days and then gradually sink to a level of less than 
10 per cent of their maximal weight (102). The accessory glands are main¬ 
tained in castrated males if ovaries are implanted into the cars and the mice 
are then kept at a temperature of 22° C. If the environmental temperature 

33 ihcy arc not maintained. The inference has been drawn that andro¬ 
gens are secreted by ovaries maintained at the lower temperature (103). 
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The fertile life of spermatozoa in the male tract is about 10 to 14 days, since 
fertility is retained for that period after spermatogenesis is halted by X-raying 
the testes (104). Spermatozoa enter the oviducts hours after copulation 
and meet the ova at the end of 2 hours. In the oviducts spermatozoa retain 
their fertilizing ability for 6 hours and their motility for 13V2 hours. The 
presence of a copulation plug is not necessary for fertilization (105). The plug 
seals better than does that of the rat. It extends up each cervical canal and into 
the vulva; the end is flat, not pointed as in the rat, and is usually flush with 
the vulva. The plug is removed by softening at the surface. It usually falls 
out after 18 to 24 hours, though it may persist for 36 hours to 2 days. The 
plug formed at a p<)st-partum copulation is not so definite owing to a copious 
discharge of fluid and leucocytes. Under these circumstances the plug either 
does not form or breaks into a mass of debris (22). 

Two milligrams of androstcrone daily is just insufficient completely to 
maintain the prostate and seminal vesicles of castrated mice, which fact 
indicates that the mouse requires more than the rat (106). The minimum 
daily dose of testosterone that will bring the castrated mouse into a condi¬ 
tion in which ejaculation can occur when pernostone and yohimbine are 
injected is about 40 y (107). 

The injection of crystalline androgens prevents the degeneration of the 
seminiferous tubules in h\ [)ophyscctomizcd males for at least 23 days, but 
it does not [Prevent the degeneration of the interstitial cells. Androstane- 
ditaic was most effective in a dose of 0.4 mg. daily (108). Injection of larger 
quantities is harmful in the normal adult mouse. Two milligrams of 
tesiosterone daily for 20 days produced moderate tubal atrophy and more 
complete atrophy of the interstitial cells. Five to ten milligrams daily did 
not damage the seminilerous tubules, but atrophy of the interstitial cells 
occurred. The injection of 2 mg. of progesterone also caused atrophy of the 
interstitial cells (loq). Estrogens in quantity are also harmful to the male; 
40 R.U. daily decreased the weight of the prostate (also of the uterus in the 
female) and caused the urine retention and bladder dilatation in both the 
intact and the castrated male. Metaplasia of the columnar epithelium into 
stratified squamous epithelium occurred, and it was more marked in the 
anterior than in the posterior prostaiic lobe. The effect was greater in castrates 
than in intact mice. Injection of P.U. and of androgens prevented the meta¬ 
plasia but not the retention of urine (no). 
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Mus belltts Thomas. This African moii.se has been rccorticci with young 
ranging from 3 to 8 in February (1), March, April (2), and .\ugu.st (3). 

M, booduga Gray. In Ceylon this mouse probably breeds all year, but 
most young are found in March and April. The number is usually 6, but 
may be as many as 10 (4). 

A/. calUwaerti Thomas. In Africa lactating females have been found in 
July and August (5). 

A/, grains Thomas and Wroughton. From Africa there come records of 
3 to 5 young in December (b), January (7), and February (2). 

A/, minutoides A. Smith. In Northern Rhodesia a litter of 4 was born 
at the end of December (8). 

Af. mnsctdoides Tcmminck. In Africa a litter of 4 young has been recorded 
in November (6). In the London zoo litters of 4 young have been liorn in 
October and November (q). 

M. triton Thomas. Nestling young have been recorded in September (10) 
and December (7). In the first of these 2 was the number found. 
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4. Phillips, W. W. A. Ceylon J. Sci. 14B: 209-293,1927-8. 
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5. Hill, J. E., and T. D. Carter. AM., 78: 1-211, 1941. 

6. Hatt, R. T. AM., 76: 457-604, 1939-40. 

7. Allen, G. M., B. Lawrence, and A. Loveridge. HCMZ., 79: 31-126, 1935-7. 

8. Ansell, W. F. H. JM., 41: 405, i960. 

9. Zuckerman, S, PZS., 122: 827-950, 1952-3. 

10. Lawrence, B., and A. Loveridge. HCMZ., no: 1-80, 1953. 


Colomys goslingi Thomas and Wroughton 

This wood rat has been recorded in April wdih 2 embryos and in July with 
2 half'grown young (i). 

I. Hall, R. T. AM,, 76; 457-604, 1930-40. 


Lophurornys aqtalus True 


In the Belgian Congo this mouse bred at the end of the rains and early 
in the dry season, from I^cember to April (i) or May (2). In East Africa 
embryo or fetuses have been recorded in January (3), February, July (4), 
August, and December (5). This suggests breeding for most, if not all, of 
the year. The litter size varies from 2 to 4. 

1. Pirlot, V. L. Ann. Mus. Congo Beige, Tervucren, Ser. Z(X)I., Nouv. Ser. en 4^, i: 
41-61, 1954. 

2. f'rcchkop, S. FBNA., 1043. 

3. Allen, Ci. M., .imi A. Loveridge. HCMZ., 75: 47-140, 1933-4. 

4. Allen, (L M., and A. Loveridge. H('MZ., S9: 147-214, 1941-2. 

5. Hati, R. T. AM., 76: 457-<K)4, 1939-40. 

Lophurornys sHi^tpusi Tcmminck. A female with 2 embryos has been re¬ 
corded (1). 

I. Eiscntraui, M. Z<x)l, Jahrb,, Syst., 85: 619-672, 1957. 


Notomys 


Notomys gouhli Gould. This mouse has 4 young usually, but occasionally 
up to 6 (i). 
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N. mitchelli Ogilby. In the London zoo this Australian mouse has had 
litters of 2 or 3 young in December, February, and March (2). In the wild 
it usually has 4 young (i). 

1. Troughton, E. Furred Animals of Australia. New York, 1947. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Acomys 

SPINY MOUSE 


Acomys caharinus Desmarest. In the London zoo this Egyptian mouse 
has had litters all the year. The number of young has varied from 2 to 11, 
with 4.5 the mean. A gestation period of 12 days has been suggested (i). 

A. dimidiatiis Cretzchmer. In Cyprus the breeding season is from April 
to October, and young born early in the season breed in the same year. The 
average embryo number is 2.1 (2). 

A, hunteri de Winton. In the London zoo litters of 2 to 5 young have 
been recorded in March, May, July, and October (i). 

A, ignitis Dollman. Pregnant females have been reported in January, 
April, and October. The number of young was i or 2 in each instance (3). 

A. percivali Dollman. Females with i or 2 embryos have been recorded 
in July and October (3). 

A. wilsoni Thomas. A female with 4 embryos has been recorded in 

July (3)- 

1. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

2. Watson, J. S. Colonial Res. Publ., London, 9: 1-66, 1951. 

3. Heller, E. In G. C. Shortridge, The Mammals of South West Africa. London, 1934. 


Bandicota bengalensis Gray and Hardwickc 
INDIAN MOLE RAT 


In the London zoo this rat has had litters of i and 7 young in August 
and October (i). The usual litter size is recorded as from 8 to 10 (2), but 
the subspecies, B. b. is said to have litters of 2 as a rule (3). 
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1. Zuckcrman, S. PZS., 122: 827-950, 1952-3. 

2. Blanford, W. T. The Fauna of Britisli India. Mammals. London, 1888-91. 

3. Webb-Peploe, C. G. }. Bombay Nat. Hist. Soc., 46: 629-644, 1946-7. 

Bandicota gracilis Nehring. In Ceylon this rat has 10 to 12 young at a 
time (i). 

B. malabarica Shaw. This rat has no definite breeding season (1). 

I. Phillips, W. W. A. Ceylon J. Sci., 14B: 209-293, 1927-8. 


Neso}{ia indica Gray and Hardwickc 


Pregnancies have been reported for late March. Late in April females at 
full term were found (i). 

I. Hatt, R. T. The Mammals of Iraq. Univ. Michigan Mus. Zool., Misc. Publ. 106, 
1959. 


Beamys major Dollman 


In Nyasaland this mouse breeds from November to May, i.e., in the wet 
and early dry seasons. All July males had retracted testes, which began to 
descend at the beginning of the wet season. The age at initial breeding was 
9 to 13 months, and the length, 136 mm. The litter size varied from 4 to 7, 
and was usually 4 (i). 

I. Hanney, P., and B. Morris. JM., 43: 238-248, 1962. 


Saccostomiis campestris Peters 
POUCHED MOUSE 


Embryos have been found in December (1) and July (2), while nestlings 
are present in February (3) and males with enlarged testes in October (4). 
These facts suggest a prolonged season. The number of young varies from 
4 to 8, 
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1. Shortricigc, G. C. The Mammals of South West Africa. London, 1934. 

2. Heller, E. In (i). 

3. Lawrence, B., and A. Loveridge. HCMZ., no: 1-80, 1953. 

4. Hill, J. E., and T. D. Carter. AM., 78: 1-211, 1941. 


Cricetomys gamhianiis Waterhouse 
GIANT RAT 


This African rat has a prolonged season; embryos have been found in 
February (1), nursing young in April (2) and males with enlarged testes 
in August and December (^). The young, usually 4, are born after a gesta¬ 
tion period of 42 days (4). 

1. Allen, G. M., R. Lawrence, and A. Loveridge. HCMZ., 70: 31-126, i 935 ~ 7 - 

2. Allen, G. M., and A. Lov eridge. HCMZ., 75: 47-140, 1933-4. 

3. Hill, J. E., and T. D. Carter. AM., 78: 1-211, 1941. 

4. Dekeyser, D. L. Les Mamrnifercs dc I’Afrique Noire Fran(;aise. np., 1956. 


DENDROMURINAE 
Dendromiis 
TREE MOUSE 

Dendromus acraeus Wroughton. This African mouse has been reported 
with 3 embryos in July (i) and August (2). Young have been seen in Febru- 
ary (2). 

D. arenarius Roberts. This mouse breeds during the winter months and 
has 3 to 4 young at a time (3). 

D, insignis Thomas. Births of 3 to 4 young have occurred in February (4). 

D. melanotis Smith. A female has been reported in June with 8 nest 
young (5). 

D. messoriiis Thomas. Newborn young have been found in January (4), 
and fetuses in April and August (6). The number has been 3 or 4 on each 
occasion. 

D. ochropus Osgood. A female with 5 embryos has been reported in Janu- 

ary (i). 
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D. whytei Wroughton. Newborn young have been found in April and 
July. In the first litter there were 7, and in tlie second, 4 young (4), 

1. Hollister, N. Smithsonian Inst., Bull. 99, 1918. 

2. Frechkop, S. EPNU., 1944. 

3. Roberts, A. Reference lost. 

4. Allen, G. M., and A. Loveridge. HCMZ., 89: 147-214, 1941-2. 

5. Allen, G. M., and A. Loveridge. HCMZ., 75: 47-140, 1933-4. 

6. Hatt, R. T. AM., 76: 457-604, 1939-40. 


Malacothrix typicus A. Smith 
MOUSE GERBIL 


This African mouse is probably polyestrous; it breeds 3 times a year, for 
the first time at age 3 months. Four to 5 is the usual litter size (i). 

I. Powell, W. Rodents. Dept. Public Health, South Africa, 1925. 


Petromysciis 

PIGMY ROCK MOUSE 


PetroniyscKS coUiniis Thomas and Hinton. In South West Africa a speci¬ 
men with 2 fetuses was found in September (i). 

P. shortridgei Thomas. Pregnant specimens have been taken in May, 
usually with 2 or 3 fetiKses (i). 

I. Shortridge, G. C. Tie Mammals of South West Africa. London, 1934* 


Steatomys 
FAT MOUSE 


Steatomys opimus Pousargues. A specimen of this African mouse has been 
reported with 5 fetuses in November (i). 
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S. pratensis Peters. This mouse usually has 4 to 6 young (2). It has been 
recorded as pregnant in December (3). 

1. Hatt, R. T. AM., 76: 457-604, 1939-40. 

2. Shortridgc, G. C. The Mammals of South West Africa. London, 1934. 

3. Frechkop, S. EPNU., 1944. 


OTOMYINAE 

Otomys 


Otomys anchietae Bocage. Lactating females and males with enlarged 
testes have been recorded in August (i). 

O. denti Thomas. A pregnant specimen has been found in January (2). 
O. irroratus Brants. This mouse is probably polyestrous, and breeds about 
3 times a year, for the first time at age about 4 months. The litter size is 
usually 3 to 5 (3). In vSouth West Africa it is reported as breeding from 
June to August, with 2 to 4 young, usually 3 and never more than 4 (4). 

O. tropicalis Thomas. Suckling females have been reported in December 
and February (5), and a female with 2 small embryos in the right uterus in 
March (6). Two seems to be the usual litter size. 

1. Hill, J. E., and T. D. Carter. AM., 78: 1-211, 1941. 

2. Frechkop, S. EPNA., 1938. 

3. Powell, W. Rodents. Dept. Public Health, South Africa, 1925. 

4. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

5. Allen, G. M., R. Lawrence, and A. Loveridge. HCMZ., 79; 31-126, 1935-7. 

6. Hatt, R. T. AM., 76: 457-604, 1939-40. 


Deomys ferrugincHS Thomas 


Two specimens of this mouse, each with 2 small embryos in the left 
uterus, have been reported for February (i). 

I. Hatt, R. T. AM., 76: 457-604, 1939-40. 
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Paratomys 

Paratomys brantsii A. Smith. This African mouse breeds 4 times a year 
beginning at age 3 months (i). 

P. littledalei Thomas. A female with 3 fetuses has been reported in August, 
also newborn young in November (2). 

1. Pcm ell, W. Rodents. Dept. Public Health, South Africa, 1925. 

2. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 


PHLOEOMYINAE 
PogoTiofTjys macrourus Milne-Edwards 


In Papua this mouse ceases to breed in the latter half of the dry season (i). 
I. Tate, G. H. H. AM., 72: 501-728, 1936-7. 


Chiropodomys gliroides Blythe 
TREE MOUSE 

In Malaya 50 per cent of males are fertile at 7.2 ±: .1 g., and 95 per cent at 
165 rb .1 g., while the females reach puberty at 139 g. and upward. Most 
pregnancies are found from January to March. The embryo count is 1 to 3, 
mean 2.2, and mode 2, equally distributed in each uterine horn (i). 

I. Harrison, J. L. PZS., 125: 445-460, 1955. 


HYDROMYINAE 
Hydromys chrysogaster GeofIroy 
WATER RAT 

The males reach puberty at 400 to 600 g. weight and the females at 425 g. 
Mating takes place in late winter and continues through the spring, i.e., 
from September to January. The females are ancstrous in late summer, au- 
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tumn, and early winter. One litter a year is normal and the litter size is i to 
7, usually 4 to 5 (i). 


I. McNally, J. Australian J. Zool., 8: 170-180, i960. 


GLIRIDAE 

GLIRINAE 
Glis glis L. 

EDIBLE DORMOUSE 


This dormouse begins the breeding season about 3 weeks after it emerges 
from hibernation. The young reach puberty at age 10 to 11 months. The 
number of young varies from 3 to 10, born after a gestation of 20 to 25 days 
(t). There is one litter a year (2). 

1. Eleptner, W, G., L. G. Morosowa-Turowa, and W. 1 . Zalkin. Die Saiigcticrc in clcr 
Scliutzwaldzonc, Berlin, 1956. 

2. Freiherr von VictinghofT-Riesch, A. S.iiigctierk. Mitt., 3: 113-1.11, 1955. 


Muscardinns avcllanarius L. 
DORMOUSE 


This dormouse is probably polyestrous, bearing litters from May to Octo¬ 
ber (i). Possibly 2 is the usual number of litters (2). The young number 
from 2 to 7 (i), born after a gestation of 21 days (3). 

1. Barrett'Hamilton, G. E. H. A History of British Mammals. London, 1910. 

2. Heptner, W, G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugcticrc in der 
Schutzwaldzone. Berlin, 1956. 

3. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 
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Eliomys quercinus L. 
DORMOUSE 


This dormouse is probably polycstrous, with heats at intervals o£ about 
10 days. After copulation a vaginal plug is formed. The gestation period 
is 22 days (i). The number of young is 3 to 6 and one litter a year is the 
rule; only very rarely is there a second (2). Follicular atresia is characterized 
by a transformation of granulosa cells into interstitial type cells (3). 

1. Lataste, F. Act. Soc. Linn. Bordeaux, 40: 293-466, 1886. 

2. Heptner, W, G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schutzwaldzone. Berlin, 1956. 

3. de Pinko, A. V. AR., 30: 211-220, 1925. 


Dryotnys nitediila Pallas 
TREE DORMOUSE 


According to one account this dormouse bears one litter a year consisting 
of 2 to 6 young, but usually 3 or 4 (i). According ro another, 2 or 3 litters 
are produced, in spring, March to April; in midsummer, July; and in 
autumn, September to October. Three young is the usual number (2). 

1. Heptner, W. G., L. G. Morcjsovva-Tiirovva, and \V. I. Zalkin. Die Saugetiere in der 
Schuizwaldzone. Berlin, 1956. 

2. Navo, E., and E. Ainir. Bull. Res. Council, Israel, Sect. B (Zool.), 96(4): 200-201, 
1961. 


GRAPHIURINAE 

Graphinrus 

AFRICAN DORMOUSE 


Graphiiirus christyi Dollman. This dormouse possibly breeds all year, as 
young have been recorded in January and September (i). 
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G. \elleni Reuvens. This species has been recorded with 2 (2) and 5 
young (3). 

G. lorrainetis Dollman. Nest and half-grown young have been recorded 
for January, April, and November (i). 

G. murinus Desmarest. This South African species has a short season about 
midsummer. Four or 5 is the usual litter size (4). 

G. nanus de Winton. One record gives 4 young (4). 

G. vulcanicus Lonnberg and Gyldenstolpe. This dormouse usually has 
2 to 4 young. Newborn and nest young have been reported from January 
to March (5). 

1. Hatt, R. T. AM., 76: 457-604, 1939-40. 

2. Bradfieid, R. D. Field Notes on S. W. African Mammals. London, nd. 

3. Hill, J. E. JM., 22: 81-85, 1941, 

4. FitzSimons, F. W. The Natural History of South Africa. London, 1919. 

5. Frechkop, S. EPNA., 1943. 


ZAPODIDAE 

SICISTINAE 


Sicista 

BIRCH MOUSE 


Sicista betulina Pallas. This mouse mates in May, and the young are of 
breeding age when they emerge from their first hibernation. The gestation 
period lasts from 4 to 5 weeks (i). 

5 . subtilis Pallas. This mouse has one litter a year. The young breed 
the same year (2). Ihis probably means at the beginning of the following 
season. 

1. Kubik, J. Ann. Univ. Mariac Curic-Sklodowska, Sect. C., Biol., 7: 1-63, 1952. 

2. Flent, V. E. ZZ., 39: 942-946, i960. 
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ZAPODINAE 

Zapus hudsonius Zimmermann 
JUMPING MOUSE 


In Minnesota this mouse has 3 peaks of births—one in the latter part of 
June, one in mid- and late July, and a third in mid-August. It has 2 or 3 
litters a year and a gestation period of 17^ days. There is a post-partum heat, 
and gestation is longer if the mouse is lactating. The young of the early 
litters probably breed during their first summer, so that they may produce 
young at the age of about 2 months (i). The number of embryos varies from 
2 to 8, mean 5.4 (2). 

In the Yukon 1 or 2 litters a year are born in spring or summer (3). In 
New York State the first litter is born in June, with a second in July or, 
more frequently, in September (4). 

The sperm head measures 5.1 /x (4.9-5.5) X 2.9 (2.7-3. i); midpiece 

width is 0.8 ft (o.f>-().()); and the tail length is 71.0 ft (69.1-75.6) (5). 

1. Quirnby, I). C. Ecol. Monogr., 21: 61-95, * 95 ^- 

2. Krutsch, P. H. Univ. Kansas Mus. Nat. Hist., Puhl. 7: 351-472, 1952-5. 

3. Rand, A. I.. Canada Nat. Mus., Bull. 100, 1945. 

4. Haniihun, Jr., W. J. AMN., 16; 187-200, 1935. 

5. llirtb, H. F. J. Morpliol., 196: 77-83, i960. 

Z.apiis princeps Allen. Pregnant specimens of this mouse may be found 
from late May to mid-July, and lactating ones till late August. The embryo 
count varies from 2 to 7, witli an average of 5 (i, 2). 

Z. trinotatus Rhoads. This mouse has one litter a year, with 4 to 8 young 
at a time (3). 

1. Krutsch, P. H. Univ. Kansas Mus. Nat. Hist., Publ. 7: 351-472, 1952-5. 

2. Negus, N. C., and J. S. Findley. JM., 40: 37i~38i, i 959 - 

3. Bailey, V. NAF., 55: 1936. 
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Napaeozapus tnsignis Miller 
WOODLAND JUMPING MOUSE 

The young of this mouse of eastern North America are born late in 
June or early in July, but sometimes a second litter is born in September 

(1) . In New Hampshire pregnancies have been found from May to August 

(2) , In captivity more than two litters a year may be produced, but the num¬ 
ber of young per litter is smaller with the later litters. There is no post-partum 
heat. The mean litter size was 4.7 (3). In the wild the litter size varies from 
3 to 6 and averages 4.5 embryos. 

1. Hamilton, Jr., W. }, The Mammals of Eastern United Stales. Ithaca, N.\iQ 43 - 

2. Preble, N. A. JM., 37: 196-200, 1956. 

3. Schvvxntkcr, W In A. N. Wurden and W. Lane Fetter, cds., The UFAW Handlxx^k 
on the Care and Management of Laboratory Animals. London, 1957. 


DIPODIDAE 

DIPODINAE 
Dipiis sagitta Pallas 
JERBOA 


This Eurasian jerboa reproduces from April to August, but mainly from 
mid-May to mid-August. The females have 2 litters a year and the early 
young breed in the year of their birth (i). Mating begins in March, soon 
after the end of hibernation, and gestation lasts 25 to 30 days (2). Embryo 
counts have varied from 2 to 5, with a mean of 3.0 ± ,1, and a pronounced 
mode of 3 (i). 

1. Feniuk, B. K., and J. M. Kazantzeva. JM., 18; 4 (k>-426, 1937. 

2. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugcticrc in dcr 
Schutzwaldzonc. Berlin, 1956. 
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Jaculus 

AFRICAN JERBOA 


Jaculus jaculus L. This jerboa has 3 to 4 young at a time (i). Another 
account places the number at 4 to 5 (2). 

/. ortcntalis Erxlcbcn. In the Lcjndon zoo this Egyptian species has had 3 
young in litters born in April and October. The gestation period is 42 
clays (3). 

1. Dekeyser, P. L. Lcs Maniniifcres cle PAfrique Noire Fran(;aisc. np., 1956. 

2. Pcttcr, F. Mammalia, Special Numl>cr, 25: 1-222, 1961. 

3. Zuckerman, S. PZS., 122; 827-950, 1952-3. 


Scirtopoda telum Lichtenstein 
JUMPING MOUSE 


The young of this mouse arc Ixjrn in Ma\’ or June. Three or 4 is the 
usual number (1). 

1. Heptner, \^^ G., L. G. Morosowa-TuriAsa, and \V. I. Zalkin. Die Saugciiere in dcr 
Scliulzwaldzonc. Berlin, 1956. 


Allactiiga 

JERBOA 


Allactiiga clatcr Lichtenstein. This jerboa males soon after the end of 
hibernation. The young, usually 5, are born in May (i). 

A. major Kerr. This s[>ccics mates scKin after emergence from hibernation, 
and the litter of 3 to (> young is Ixirn in Ma) or June. Possibly second and 
third litters may be born in the season (i). 

A. sibirica Forster. This jerboa mates in May and the young are born in 
June or July (1). 

I. Fieptner, W. (k, L. CF Morosowa TurDwa, and W. 1 , Zalkin. Die Saugeticre in der 
Scluit/.wald'/onc. Berlin, 1956, 
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Alactagulus pumilio Kerr 

This jerboa has 2 litters a year of 3 to 6 young each (i). 

I. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetierc in dcr 
Schutzwaldzone. Berlin, 1956. 


HYSTRICIDAE 

HYSTRICINAE 

Hystrix 

OLD WORLD PORCUPINE 


Hystrix ajricaeaustralts Peters. This porcupine has 2 litters a year and i 
to 4 young, usually 2 (r). The gestation period is given as T12 days (2). 

H. brachyuriis L. In the London zoo births have been from March to 
October, and the litter size is i to 2 young (3). In India the species breeds 
in the spring and the young are born when the crops begin to ripen (4). 

H. cristata L. In the London zoo births have occurred throughout the 
year. One is the usual number of young, with twins once in 5 births (3). 
Gestation has been variously given as lasting 63 and 112 days (5). 

H. hodgsoni Gray. The Himalayan porcupine breeds in the spring and 
usually has 2 young at a time (6). 

H, leucura Sykes. In Ceylon this porcupine has no general breeding season 
but most young are born during the northeast monsoon. A single young is 
always produced (7). In the London zoo births have been distributed 
through the year and the number of young has been i or 2 (3). 

H. suberistatus Swinhoe. This porcupine breeds in the spring and has 3 
or more young at a time (8). 

1. Haagner, A. K. South African Mammals. London, 1920. 

2. Dekeyser, P. L. Les Mammiferes de I’Afriqiie Noire Frangaise. np., 1956. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

4. Jerdon, J. C. The Mammals of India. Roorkec, 1867. 

5. Kenneth, J. K. Gestation Periods. Edinburgh, 1943. 
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6. Blanford, W. T. The Fauna of British India. Mammals. London, 1888-91. 

7. Phillips, W. W. A. Ceylon J. Sci., 14B: 209-293, 1927-8. 

8. Ho, H. J. Contrib. Biol. Lab. Sci. Soc. China, Zool. Ser., 10: 245-287, 1933--5. 


ATHERURINAE 

Atherurus 


Atheruriis africantts Gray. In the wild this species has been recorded with 
single large and small embryos in December (1). In the London zoo a 
single young has been born in September (2). Births of single young occur 
throughout the year and the gestation period is from 100 to no days (2). 

A. macrourns L. In the London zoo single young have been born in May 
and September (3). 

1. Hatt, R. T. AM., 76: 457-604, 1939-40. 

2. Rahm, U. Mammalia, 26: 1-9, 1962. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


ERETHIZONTIDAE 

ERETHIZONTINAE 
Erethizon dor sat um L. 
PORCUPINE 


The common porcupine of North America mates during November. At 
this time the hair surrounding the mammary glands of the female temporar¬ 
ily acquires a cinnamon coloration. The number of young is nearly always i; 
twins are very occasional. The period of gestation is 16 weeks (1). 

The growth of the corpus luteum has been described in detail. The rupture 
points arc relatively broad and the central cavity is wide; it contains many 
polymorphs and an eosinophilic albuminous precipitate. Many mitoses are 
found in the lutein cells. Some thecal cells differentiate into true lutein cells. 
The corpus luteum has solidified by the time the embryo is in the gill-slit 
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stage. Corpora lutea of previous pregnancies are buried deep in the ovary 
and are highly pigmented. Many atretic follicles become “accessory” corpora 
lutea but these do not produce a progestational reaction (2). 

The ovary is not enclosed by a bursa. At the junction of the two myo- 
metrial layers there is a good deal of edematous connective tissue, especially 
at the time of estrus and during pregnancy (2). 

1. Struthers, P. H. JM., 9: 301-308, 1928. 

2. Mossman, H. W., and I. Judas. AJA., 85: 259-260, 1953. 

Erethtzon epixanthum Brandt. This porcupine has a breeding season in 
September and October. The number of young is usually i, but occasionally 
2 may be born. The duration of gestation has been given as 9 months, a 
length that must be queried in view of the known length in E. dorsatum (i). 

I. Bailey, V. NAF., 55, 1936. 


Coend oil 

HAIRY TREE PORCUPINE 

Coendou mexicantim Kerr. This porcupine breeds in February; it has 4 
young after a gestation of 60 to 70 days (i). 

C. villosits Cuvier. In the London zoo birth of a single young in July 
has been recorded (2). 

1. Gaumer, G. F. Mamiferos dc Yucatan. Mexico City, 1917. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

CAVIIDAE 

CAVIINAE 
Cavia porcellus L. 

GUINEA PIG 

The guinea pig in the laboratory is polyestrous all the year round. Heat 
lasts for less than half a day, and the complete cycle is iGYi days. The cyclical 
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changes in the female tract of the guinea pig have been studied in more 
detail than in any other mammal. The vaginal smear is a clear indication of 
the reproductive state, and its detailed investigation made possible the recent 
rapid developments in the fields of hormone isolation and physiological 
analysis. The number of young is usually 3 to 4, and the duration of gestation 
is about 67 to 68 days, a very long period for so small an animal. Ovulation 
is spontaneous and the corpus luteum of the cycle is functional, in contrast 
to the condition found in all the Muridae that have been investigated. The 
vagina is closed by a membrane, which opens spontaneously at heat and 
which thus provides a useful index of heat if it is read in conjunction with 
the vaginal smear. 


THE ESTROUS CYCLE 

The age of puberty in the guinea pig is from 55 to 70 days under normal 
conditions of management. If the food is richer than usual, causing more 
rapid growth, puberty may occur at from 45 to 60 days; slow growth on poor 
food delays its onset. Puberty occurs at the same time whether males are kept 
with the females or not (i). One scries of records gave a mean age at first 
heat of 67.8 it 2.0 days, with a standard deviation of 21.5 days, and a spread 
from 33 to 134 days. In this work it was found that the mean age at first 
rupture of the vaginal closure membrane was 58.2 days. The usual interval 
between first rupture and heat was from 0 to 4 days, and an appreciable num¬ 
ber of the long intervals were the duration of a cycle or a multiple of it, sug¬ 
gesting that in some cases the earlier heats are not so intense as later ones (2). 

The duration of the cstrous cycle is usually given as 16Y2 days. One set of 
data gives a modal length of 16 days (3); another, 17 days with a mean of 
17.7 ±; 1.8 days (4); and another a modal length of 15 to 16 days with a 
mean of 16.34 it .10 days, standard deviation of 1.89 days, and a spread of 
13 to 25 days (5). A series in which the animals were observed at two-hour 
intervals instead of daily or twice daily gave a mean cycle length of 16 days, 
6 hours. As heat begins most frequently in the evening, the distribution 
shows a double mode, at 16 and 17 days (6). Vasectomized copulation does 
not modify the cycle length (7, 6). 

Proestrum, in which there is congestion and swelling of the external geni¬ 
tals and a slight serous discharge from the vagina, usually lasts from 1 to 1^2 
days, and heat or sexual receptivity lasts 6 to ii hours in 90 per cent of all 
cases (j). Another investigation gave an average of 8.21 ±: .07 hours, with a 
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range from i to i8 hours, for the duration of heat (6). The vagina usually 
remains open about 4 days (4). Ovulation occurs usually at 10 hours after 
the beginning of heat or sexual receptivity. There is no relation between the 
length of heat and the number of follicles which rupture (8), but the num¬ 
ber is highest in those females with the most intense heat, as judged by the 
frequency with which they are mounted (9). About 64 per cent of all heat 
periods begin between 6 p.m. and 6 a.m., but during the months of short 
daylight, i.e., October to December, the curve of distribution of the onset 
of heat shifts about 2 hours and heat tends to begin earlier in the after¬ 
noon (6). If the females are kept in the dark, they come in heat at any time; 
the tendency for heat to begin in the evening vanishes. Guinea pigs so kept 
do not change the length of the cycles nor the duration of heat (to). 

There is little or no difference in the number of ovulations from the two 
ovaries, since 51 per cent of embryos were found in the left horn of the 
uterus (ii). As internal migration of ova is held to be impossible on anatomi¬ 
cal grounds (12), this must represent the proportion of ova shed from the 
ovary. The absence of internal migration has also been shown experimen¬ 
tally (13). 

The removal of corpora lutca immediately after heat shortens the cycle 
to II days (14). This represents an exceptionally long time required for the 
ripening of new graafian follicles. Heat occurs immediately after parturi¬ 
tion in about 64 per cent of females. It usually begins within 2 hours of the 
end of parturition but is short, lasting ^5.5 hours instead of the normal average 
of 8.6 hours. It is always associated with ovulation, though more than half of 
those guinea pigs which did not come in heat had ovulated (15). 

Insemination at different times has given a maximum life for the ovum of 
30 hours, but within about 8 hours after ovulation the number of normal 


Tablf 4. Effects of Insemination Time on Fertility 


TIME OF 
INSEMINATION 

PER CENT 

PREGNANT 

AVERAGE 

LITTER SIZE 

PERCENTAGE OF 
NORMAL PRLC;NANCIES 

HOURS AFTER 

OVULATION 

Controls 

83 

2.6 

88 

8 

67 

17 

66 

14 

56 

1.6 

27 

20 

31 

1-3 

10 

26 

7 

0 

0 

32 

0 

0 

0 
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pregnancies and of eggs fertilized drops markedly. The data are summarized 
in Table 4 (t 6). Pregnancy is said to be rare following a copulation in the 
first 3 or 4 hours of heat (i). The eggs arrive in the uterus about 3 14 days 
after they are shed (17). 

The average litter size for a very large number of individuals was 
2.58 zt .006; the range was from i to 8; the standard deviation, 1.02; and the 
mode, 2 to 3. It is highest in spring and summer (18). The mode of the dura¬ 
tion of gestation is 68 days, with a distribution of 58 to 72 days (16). Parturi¬ 
tion occurs equally at any time of day (15). Litter size is more closely related 
to maternal weight than to age or parity (19). For a single young born the 
gestation lasted 70.5 days, and for litters of 6 it was 66.8 days (20). Another 
set of figures shows the same trend (21). Litters with an excess of males are 
carried for about half a day longer than those with an excess of females (22). 

The sex proportion is 50.59 .19 males. Variations with litter size are not 

significant (18). Among fetuses of various ages the proportion of males is 
55.9 rt 2.09 (ii). There is no sign that monovular twins are produced (23). 


HISTOLOGY OF THE FEMALE TRACT 

OVARY. The cavity in some graafian follicles is established when the 
guinea pig is 4 to 7 days old, but the theca interna is not well differentiated 
at this lime; mitoses are frequent throughout the ovary. At 18 days atresia 
has begun in many follicles (24). There is a wave of follicular growth dur¬ 
ing the cycle which begins 2 to 3 days after ovulation. The follicles grow 
at a constant rate until the beginning of heat, when rapid development sets 
in. Those which will rupture protrude from the surface of the follicle; the 
tunica albuginea is reduced so that the germinal epithelium and a much- 
thinned granulosa layer alone cover the follicle at the rupture point (25). 
The ovary of the guinea pig is remarkable for the extent and variety of forms 
of follicular atresia. The wave of follicular growth before heat produces in 
each ovary about 40 to 50 follicles with cavities, of which only about 2 are 
destined to rupture. Those which will not rupture can be detected about 
2 days before heat by degenerative changes in the granulosa next the theca 
interna. The nucleus of the ovum in these follicles is active, and the chromo¬ 
somes arrange themselves along the equator of the spindle, where they re¬ 
main. In a follicle that will rupture they are able to separate, and the first 
polar body is produced before ovulation. In the degenerating follicles the 
granulosa cells break up and are usually removed by cytolysis, but occasion- 
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ally by phagocytosis, leaving a cavity which is reduced by the proliferation 
of the theca interna. In the smaller of these follicles the theca interna prolifer¬ 
ates rapidly and encloses the egg, which often fragments (7). This has been 
interpreted as a parthenogenic development (26, 27) but, in the opinion of 
the writer and of others (28, 29), the changes arc definitely degenerative in 
nature. Unilateral ovariectomy doubles the number of ovulations from one 
ovary (9). 

The ripe follicle is about 0.8 mm. in diameter, and the ovum measures 
about 65 /A (30). The outer diameter is 122.5 /a and tubal ova do not acquire 
an albuminous coat (31). Alkaline phosphatase may be found in the theca 
interna and the granulosa of the follicle (32). When the follicle ruptures 
there is little hemorrhage, but a small pool of follicular fluid is retained in 
the center of the developing corpus luieum for 2 to 3 days. The formation 
of the corpus luteum proceeds along classical lines, but the theca interna, per¬ 
haps, contributes to a greater degree than it does in other species. Fatty de¬ 
generation sets in at about the thirteenth day of the cycle, and the corpus 
luteum is reduced to a few strands of connective-tissue cells, which gradually 
merge with the stroma of the ovary. The mature corpus luteum is oval in 
shape, at right angles to the surface of the ovary, and it is very difficult to 
extirpate completely because of its depth and the high vascularity of the 
ovarian stroma (30, 7). The corpus luteum of the cycle grows until the 
twelfth day; that of pregnancy until the eighteenth or twentieth. It continues 
in the pregnant animal to day 35; then a very gradual decline sets in. The 
blastocyst attaches at 6 days (33). 

A striking feature of the ovary of the guinea pig is the great frequency 
with which cysts of the rete ovarii develop (9). 

VAGINA. During diestrum the vaginal epithelium is thin, consisting at 
first of a low stratified squamous type with a ragged appearance. After 8 
to 10 days it becomes more regular and the lower layer is cuboidal or 
columnar, with long flat cells overlying it. As heat approaches, an intense 
proliferation takes place; the epithelium becomes several cells thick, with the 
superficial layers flattened. At the beginning of heat these cells cornify and 
tend to desquamate, a process which becomes more rapid as heat continues. 
Toward the end of heat the vaginal wall, which has become very congested 
and edematous, is invaded by large numbers of leucocytes, which penetrate 
through the epithelial layer and pass into the lumen. Desquamation is par¬ 
ticularly severe during metestrum, but repair soon sets in and the epithelium 
is restored to the typical diestrous state. During pregnancy the epithelium 
changes to a high-columnar mucous type (34, 35), The vaginal smear changes 
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during heat and metestrum. At the beginning leucocytes disappear; squamous 
epithelial cells are present, followed by cornified cells, then by small epithelial 
cells, and lastly by an invasion of leucocytes. A late stage of metestrum has 
been described (34) in which red blood cells are present; this has been denied 
by others (36), but in the writer’s experience it occurs occasionally and is 
caused by bleeding from the uterus. An outline of the various schemes which 
have been suggested for classifying the stages of the cycle is given in Table 
5. The smears in the postparturient heart are not typical (35). 


Table 5. Vaginal Smears of the Guinea Pig 


STOCKARD AND 
PAPANICOLAOU (^54) 

SELLE (36) 

1 

YOUNG (37) 

STAGE I 

a. Squamous epithelial 
cells staining gray with 
H. and H. Pycnoiic nuclei; 
abundant mucus 

STAGE I 

STAGE la 

Superficial cells only, 25 per 
cent come in heat 

b. Cornified cells staining 
red with H. and E. 

STAGE 11 

1 STAGE Ib 

Early: less than 25 

_ 60 per 

per cent cornified f 
... , ) cent m 

Middle: .5-75 

cent cornified 1 

Late: 75 per cent or more 

cornified. 15-20 per cent in 

heat 

OMilation in Stage Ib 

STAGE III 

Cornified and small 
epithelial cells, or epi¬ 
thelial cells only 

STAGE II 

Nucleated epithelial cells; 
smear abundant and 
cheesy 

Sl^AGE II 

STAGE III 

Liquefaction of cheesy 
mass; cells as last, with 
numerous leucocytes 

STAGE IV 

STAGE III 

STAGE IV 

Slight hemorrhage, not 
always present 

Absent 



UTERUS. During the vaginal stage la there is some growth of the uterine 
epithelium, the cells are tall and pseudostratified, and the surface tends to be 
irregular. The glands are not well developed, are inactive, and contain no 
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mitoses. In stage Ib the mucous layer becomes very edematous, and the 
usual leucocytic invasion begins. Rare mitoses may be found in the glands. 
In stage II the epithelial cells tend to become vacuolated. In stage III vacuo¬ 
lization increases, the epithelium breaks, patches are shed, and the leucocytic 
invasion is well marked. At i to 2 days postestrum the uterine wall is still 
somewhat broken, but edema has subsided and repair is in progress; a few 
mitoses are present in the gland cells but not in the stroma, which is very 
vascular. The glands are swollen with secretion. At 3 days the glands are 
much more tortuous, the cells are swollen so as to obliterate the lumen 
which has hitherto been open, and mitoses are abundant. The epithelium 
is tall, with nuclei at the bases of the cells, the upper margins of which arc 
level. Mitosis has ceased. The mucous laver is thicker. At 7 days the gland 
cells have secreted into the lumen and hence have shrunk in size. The 
epithelium is cubical to columnar, and mitoses are common in the stroma 
cells. At 10 days the glands are retrogressing and arc less coiled; at 14 days 
the retrogression is still more apparent. Occasionally in metestrum one finds 
extravasation of blood, which gathers as hematoma below the epithelium 
and passes into the lumen of the uterus, and hence into the vaginal smear 
In one guinea pig seen by the writer the hemorrhage was so severe that it 
killed her (38, 7). 

Lipids may be found in the uterine epithelium for most of diestrum. The 
level is high on days 3 and 9 but they are absent on day 7 (^9). There is a 
diffuse basophilia, most evident during diestrum. The glands are also baso¬ 
philic at this time. Protein-bound disulfide groups are more in evidence in 
the surface epithelium than in the glands. The reaction for them is most 
intense during proestrum and estrus. Traces of glycogen may be found in 
the surface cells and also in the stroma during estrus and metestrum. Mucus 
is most in evidence in metestrum and least in late diestrum. Lijfids are very 
abundant in the glands during estrus and metestrum. Alkaline phosphatase 
is most abundant in the glands during proestrum and estrus (40). 

OVIDUCTS. The tubo-uterine junction is very complex. The isthmus is 
tortuous, with moderately firm muscular walls. The mucosa has 4 major 
primary folds with a minor primary fold in the furrow between each pair. 
The tube passes through the uterine wall at right angles to the uterus and 
opens into the cavity about 0.5 mm. from its tip. The entrance is guarded 
by mucosal lips which are glandular. A thick spincterlike muscle extends 
into these lips. The tube is further guarded, just before its extension into 
the uterus, by a papilla which projects into its lumen (41). Attempts to 
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force fluid from the uterus into the oviducts failed; the uterus alw^ays rup¬ 
tured first (42). 

PITUITARY, Variations in the number of cells of different types in 
the anterior pituitary in relation to the cycle are not statistically significant. 
Granulation is highest at 6 to 8 days postestrum, then falls, rises again to the 
beginning of heat, and falls rapidly during heat. These remarks apply both 
to acidophils and basophils. The Golgi apparatus hypertrophies during the 
first half of the cycle and tends to fragment during the second half. The 
mitochondria tend to concentrate in the Golgi zone while it is intact, and 
to scatter when it is not. They tend to concentrate at the periphery of many 
cells in proestrum and estrus (43). The degranulation during heat has been 
observed by others (44). There are no special pregnancy cells, but both types 
of chromophils tend to dcgranulate at this time (43). The special type of 
castration cells formed after operation in many species is not found in the 
guinea pig of cither sex (45, 46). 

It is said that the thyroid gland undergoes cyclical proliferation which is 
connected with the estrous cycle. It is at a maximum at 4 to 8 days after 
heat and at a minimum at 8 to 10 days (47). 


PHYSIOLOGY OF THE FEMALE TRACT 

The estrous cycle is upset if the uterus is removed. This is due to the 
persistence of the corpus lutcum, which may last for a considerable time 
(48, 49). Hysterectomy during heat or in gestation prevented the recurrence 
of cycles for at least 5 months. If the operation was performed before puberty, 
the first heat occurred at the normal time, but the corpora lutea persisted and 
no further heat periods ensued (50). Hysterectomy on the fifth day inhibited 
the cycle for at least 8 months. The corpora lutea persisted and contained 
progesterone. When the operation was performed at day 10 the corpora 
lutea persisted for the duration of a normal pregnancy. Hysterectomy at day 
15 caused delay in estrus in some, i.e., in 70 per cent of the female (51). 
Ovariectomy before the twenty-sixth day of pregnancy has always resulted 
in abortion or resorption of the embryos, but after this time, occasionally, 
the pregnancy continues normally (52, 53). However, if ovariectomy is per¬ 
formed at 3, 4, or 5 days post coiium the ova implanted in 35 of 42 guinea 
pigs but the implantation sites subsequently regressed. The failure could be 
prevented by injecting 10 mg. of progesterone daily from day ii (54). Under 
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normal circumstances the corpus luteum is necessary for pregnancy until day 
^5 (55)* ^he writer’s experience removal of corpora lutea is more severe 
in its results than is ovariectomy. This may be due to the disturbing effect of 
estrogens from new follicles in the first case (7). The vaginal closure mem¬ 
brane opens on the twenty-sixth and twenty-seventh days of pregnancy. This 
is regarded as indicating the time of change from ovarian to placental control 
for the remainder of pregnancy (56). 

If the uterine mucosa is traumatized at any time from the third to the 
eighth or ninth day after heat, deciduomata are produced. The reaction de¬ 
pends upon the presence of the corpora lutea (57), and it has been elicited 
in other species and in ovariectomized animals given progesterone. 

Contractions of the uterus are not so great, but are more frequent, during 
diestrum when the corpora lutea are active (58, 59). The frequency is highest 
at 4 days postestrum, and it slows to the rate found during heat by the tenth 
day. In the ovariectomized female the uterine muscle has the same slow 
rate of contraction, but the injection of i mg. of progesterone increases it 
beyond that found during the cycle, and 2 mg. still further increases the 
rate (59). 

No estrogens have been found in the urine during diestrum, but when 
the female is in heat 250 R.U. per liter have been observed. During early 
pregnancy there is none; at 20 days, 250 R.U. per liter; and at 40 to 63 days, 
500 R.U. per liter (60). There is a peak of 17-ketosteroid excretion at the 
time of estrus. It then amounts to 600 Mg. in 24 hours. The excretion is re¬ 
duced by ovariectomy but the response is gradual, suggesting that the source 
of these steroids may be the adrenals and not the ovaries. The level also rises 
during pregnancy (61, 62). 

The gonadotrophe level of the pituitary is low, one-quarter (or less) that of 
the rat; ovariectomy increases the amount whereas estrogens depress it (63). 
Follicle stimulator is low, and it appears to be at its maximum just before 
heat (64). Luteinizer is at least ten times less than the level in the rat’s 
pituitary (65). 

The prolactin content of the pituitary is low; in immature females it is 
220 B.U. per g., in mature females 520 R.U. per g. In lactating females and 
in males it is higher, and the injection of estrogens also raises it (66). The 
level is higher during heat than it is in diestrum (67). 

It is very difficult to induce sexual receptivity in the spayed female by the 
injection of estrogens, but the injection of 40 I.U. of estrogen, followed 36 
to 48 hours later by 0.2 I.U. of progesterone, invariably caused the females 
to be receptive to the male (68). In later experiments the use of 50 I.U. of 
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progynon B (estradiol benzoate in oil) as the primer, with o.i I.U. of 
progesterone, was successful in 73 per cent of the animals. Lower doses 
were much less effective, but when the progesterone was increased to 0.4 
I.U., the successes rose to 92 per cent. When the dose of progesterone was 
kept at 0.2 I.U. and the priming dose was varied, 20 I.U. of estrone was 33 
per cent successful and the percentage rose gradually to 80 per cent with 
50 I.U., after which there was not much gain (69). At 2 to 6 days of age the 
immature females are entirely unresponsive to these injections, but at 15 
days there is some response, and a complete response is given at 30 days (70). 
Vaginal changes arc abnormal when the ovariectomized female is injected 
with 175 I.U. of estradiol benzoate for 4 days. But if 0.2 I.U. of progesterone 
is given after the third injection, cornification becomes complete. Optimal 
results are obtained if the progesterone is preceded by injection of 350 to 
400 I.U. of estradiol benzoate (71). 

The spayed adult guinea pig requires 0.65 I.U. of progesterone daily for 
6 days to sensitize the endometrium so that it will produce deciduomata. 
If the injections were preceded by estrogens, the reaction was slightly in¬ 
tensified. Continued progesterone injections caused the uterine mucosa to 
become refractory. Immature animals required i I.U. daily to produce sensi¬ 
tivity (72). In the normal animal a minimum of 100 to 160 R.U. of estrogen 
suppresses the power to give a decidual reaction (73). 

The ovary of the guinea pig is very refractory to the injection of gonado¬ 
trophic hormones or to pituitary implants. This is largely due to the ease 
with which the theca interna of the follicles becomes luteinized. It is most 
dilTicult to grow normal follicles, but it can be done by the implantation 
of four guinea-pig pituitaries daily (7). 

The injection of P.M.S. into immature females causes little increase in 
ovarian weight, but the uterus is greatly enlarged (74). Injection into adults 
3 to 5 days before heat was expected caused a great growth of the ovaries. 
These organs increased with progressive increase in dosage to 350 per cent 
at 150 R.U., and to 400 per cent with 500 R.U. The increase was mainly due 
to theca lutcinization and, at the higher doses, edema; but there was some 
granulosa luteinization, especially at the higher levels. The uterus increased 
in weight, with a maximum increase at 100 R.U., after which it became less 
with progressively higher doses. Heat occurred at the usual time, but ovula¬ 
tion was suppressed as there were no follicles in a condition to rupture (75). 
The injections caused an enlargement of the clitoris similar to that found 
when pregnancy urine is injected (76). The injection of 4 mg. of testosterone 
propionate daily prevents follicular growth and ovulation (77)* 
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The uterus of the virgin or the ovariectomizcd guinea pig is inhibited 
by adrenalin. If the females are injected with estrogens the myometria of 
50 per cent have motor reactions to adrenalin. With progesterone the reac¬ 
tion continues to be inhibitory (78). 

The relaxation of the pelvic girdle normally found at parturition and the 
requirement of the corpus-lutcum hormone, relaxin, in this process have 
been investigated (79). The prenatal growth of the guinea pig has been the 
subject of considerable study (n, 80). 

THE MALE 

The growth rates of the testes and accessory organs accelerate from 30 to 
40 days of age. Electric ejaculation techniques show that some secretion is 
present at 21 days at the earliest, and most males respond at 30 days. The 
first spermatozoa appear at 50 days, and their production is fairly uniform 
by 70 days (81). If one testis is removed before puberty, hypertrophy occurs 
in a few cases. This is believed to be not compensatory hypertrophy but an 
acceleration of growth (82). The mean volume of ejaculate obtained by 
electrical stimulation was 0.76 ml. In 50 per cent of males spermatozoa may 
be obtained at ii weeks old and in all at 18 weeks. The mean sperm count 
was 9,762,000 per milliliter. The mean body weight at first appearance of 
spermatozoa in the ejaculate was 6ri g. Body weight was more closely 
correlated with the first appearance of spermatozoa than was age (83). The 
length of seminiferous tubules in a single testis was 40 meters (84). 

Spermatozoa stored in the isolated epididymis retain their fertility for 
20 to 35 days, and they remain motile for 59 days (83). If the epididymides 
are placed in the abdomen, motility lasts only 14 days. If they are scrotal but 
the testes are removed, motility ceases after 23 days (80). The injection of 
androgens increases both motility and survival time (87). 

Electric ejaculation is a convenient means of obtaining semen for study. 
The male is lightly anesthetized. One electrode is placed through the skin 
on the back of the neck at the base of the skull. The other, a blunt one, is 
put in the mouth and a 33-volt alternating current is passed. The normal 
amount of semen thus produced is 1.5 to 3 g. There is no seasonal difference 
in the amount (88, 89). 

Spermatozoa probably take 14 to 18 days to pass through the epididymis. 
If it is isolated from the testis, the time increases to 25 to 35 days (90). In 
the female they retain their fertility for 22 hours, but beyond 17 hours it 
is reduced (91). 
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A copulation plug is normally formed in the vagina after coitus. If the 
proximal prostatic lobe is removed, this no longer happens. The anatomy 
and histology of the prostate is described in detail in this paper (92), and 
the seminal vesicles, which are large and produce a jellylike secretion, have 
also been carefully investigated (92). 

The accessory organs tend to increase in weight up to 600 g. of body 
weight. Castration causes them to decrease to 50 per cent of their former 
weight, a reduction which is usually complete by 30 days after castration 
(94). Castration also leads in the young guinea pig to arrested atrophy and 
subsequent hypertrophy of the thymus (95). Inositol is present in the 
seminal-vesicle secretion to the extent of 26 mg. per 100 ml. (96). Fructose 
measures over 100 mg. per 100 g., and critric acid 350 mg. per 100 g. Secre¬ 
tion begins at age 4 weeks and is fully active at 4 months. In the castrate 
I mg. of testosterone daily was sufficient to cause the glands to grow and 
produce secretion. This was in 2(S-day-old males; in older ones 2.5 mg. were 
required (97). 

After hypophysectomy the testes decrease from 2.5 to 3.5 g. (the normal 
weight) to 0,5 g. This decrease takes 45 days, but spermatogenesis ceases at 
35 days. Spermatozoa are found in the tubules to 56 days, though they arc- 
few after between 5 and 14 days. The rate of decrease of the accessory organs 
is at about the same rate as after castration (98). After hypophysectomy 
the injection of 3 mg. of testosterone propionate daily preserves spermato¬ 
genesis in most of the tubules (99). 

In the normal male 2 mg, daily of androgens for 30 days causes atrophy 
of the testes, but this effect is prevented if an extract of horse pituitary (rich 
in F.S. H.) is also given. There arc dilTcrcnces in the responses of the prostate 
and seminal vesicles to individual androgens (100). 

The pituitary of the male contains twice as much gonadotrophe as that of 
the female. In the cryptorchid and castrate the content rises about 70 per 
cent (63). 
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Galea musteloides Meyen 

The males of this cavy are in breeding condition at the end of July and 
the testes are greatly enlarged from September to December. All females 
examined were pregnant during these months. They breed during their 
first year of life. The embryo count is from i to 4, with mean 2.0, but 
embryonic mortality is high (i). 

I. Pearson, O. P. HCMZ., 106: 117-174, 1951-2. 


Microcavia australis Geoffrey and D’Orbigny 


This cavy has 2 young at a time (i). 

I. Allen, J. A. Rpt. Princeton Univ. Exped. to Patagonia, 1896-7, 3: 1-210, 1905-11. 


DOLICHOTINAE 

PATAGONIAN HARE-CAVY 


Dolichotis patagona Zimmermann. This cavy has produced young in the 
London zoo from March to October. Of 19 births, 1 was of triplets while 
singles were twice as frequent as twins (i). 

D. salincola Burmeister. In the London zoo this species has given birth 
to young from March to July (r). In the wild a female with 2 embryos has 
been found in August (2). 

1. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

2. Eisentraut, M. Zeit. f. Saugetierk., 8: 47-69, 1933. 



RODENTIA 


401 


HYDROCHOERIDAE 

Hydrochoerus 

CAPYBARA 


Hydrochoerus hydrochocris L. In the London zoo this species has given 
birth to 2 young in November after a gestation lasting between 119 and 
126 days (i). 

isthmitis Goldman. In Panama this species experiences estrus at the 
end of February. The gestation period is between 104 and in days. Three 
young seems to be the usual number, but one killed at the end of August 
had 4 fetuses near term (2). 

1. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

2. Trapido, H. JM., 30; 433, 1949. 


DASYPROCTIDAE 

CUNICULINAE 
Cuniculus pLica L. 
SPOTTED CAVY 


This species breeds early in the winter and the two young are born in 
the dry season, in winter and early spring (i). A female with a single 
embryo has been recorded for January (2). 

1. Gauincr, G. F. Mamiferos dc Yucatan. Mexico City, 1917. 

2. Felten, H. SB., 38: 145-155, 1957 * 
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DASYPROCTINAE 

Dasyprocta 

AGOUTI 


Dasyprocta agouti L. In the London zoo this agouti has produced young 
throughout the year. One young is the rule with twins at i birth in 
3 (i). The gestation period is about 104 days (2). 

D. azarae Lichtenstein. The young are born at the end of the year (3). 
D, cristata Desmarest. In the London zoo births have been recorded in 
January and November (r). 

D. prymnolopha Wagler. In the London zoo young have been born 
throughout the year. Slightly more twins are produced than singles (i). 

D. punctata Gray. In the wild this species has no fixed season (4). In 
the London zcx) single young have been born in July and August (i). 
The Panama records give 2 as the usual number with a single record of 
4. The bursa incompletely surrounds the ovary (4). 

D. variegata Tschudi. In the London zoo single young have been born 
in May, June, and August (i). 

1. Zuckerman, S. PZS., 122: 827-050, 1952-3. 

2. Brown, C. E. JM., 17: 10-13, i 93 ^- 

3. Kiihlhorn, F. Saiigetierk. Mitt., 2: 66-72, 1954. 

4. Enclcrs, R. K. HCMZ., 78: 385-502, 1935. 


CHINCHILLIDAE 

Lagostomus maximus Desmarest 
VISCACHA 


The viscacha breeds in the Argentine during the months of March and 
April, while the young are born from July to August. Some breed in Novem¬ 
ber and have their young in March. The first is the principal cycle as it 
represents about 64 per cent of the annual births (i). The gestation period 
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is about 145 days (2). In the London zoo births have occurred all the 
year-round, and tv^ins have been slightly more frequent than singles (3). 

1. Llanos, A. C., and J. A. Crespo. Rev. de Investig. Agric., 6: 289-378, 1952. 

2. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 

3. Zuckcrman, S. PZS., 122; 827-950, 1952-3. 


Lagidium peruanum Meyen 
MOUNTAIN VISCACHA 


The males of this species breed first at i kg. weight, or at 7 months old. 
The females breed first at the same weight if it is reached in October, 
November, or December; if in August or September they wait until the 
later months. Almost no females are pregnant in August, September or early 
October. The vagina is closed except at the time of heat. The copulation 
plug is large. Ovulation occurs at about the time of copulation. One ovum 
is released, almost always from the right ovary. Pregnancy lasts about 3 
months (i); it is nearly always in the right horn of the uterus (2). Occasion¬ 
ally there is a post-partum heat followed by pregnancy (2). 

The testes grow rapidly between the sizes of 14 and 22 mm., and all 
that are larger than 18 mm. contain spermatozoa (2). After 6 weeks of 
pregnancy accessory corpora lutea are formed in the right ovary so that 
a dozen may be present at the end of gestation. The ovaries are partly 
enclosed in a bursa (2). 

If the right ovary is removed, ova are shed from the left, and pregnancy 
is then in the left horn of the uterus (i). 

1. Pearson, O. P. JM., 29: 345 - 374 . i 94 ^- 

2. Pearson, O. P. AJA., 84: 143-1 73 > i 949 - 


Chinchilla laniger Molina 
CHINCHILLA 


The chinchilla, a native of South America, breeds at any time of the year 
but is said to mate most readily in December and March (i), through accord- 
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ing to one account most litters are born in September and January. Mating 
is nocturnal (2). A copulation plug is formed, which is shed entire, sur¬ 
rounded by the cornificd layer of the vaginal wall. It hardens rapidly on 
exposure to the air. The estrous cycle is said by breeders to last 24 days and 
heat for 2 days (3). If it is correct, this is a surprisingly long cycle length, 
but it is similar to that of the nutria, which is rather closely related to the 
chinchilla. The period of gestation is 105 to in days (2), or 111 days, and i 
to 4 young are born at a time (4). The female experiences a postparturient 
heat 12 hours after she has given birth (5). The average number of corpora 
lutea is 4.3, with little difference between the ovaries. In one count the right 
ovary contained an average of 2.1 corpora lutea and the right horn of the 
uterus 1.4 embryos, while the left ovary contained 1.8 corpora lutea and 
the left horn 1.3 embryos. The sex proportion of 2,855 young was 54.7 per 
cent males (6). 

The average adult testis weight was 2.6 g. (7). The average semen ejacu¬ 
late measures o.i to 0.5 cc., and it contains from 20 to 200 million sperma¬ 
tozoa. These are capable of traveling at the rate of i inch in 4 minutes (8). 
The male pituitary weighs 3.46 mg./per cent of body weight and the corre¬ 
sponding figure for the pituitary of the female is 4.02 mg. (7). 

1. U.S.D.I., Bureau of Biological Survey, Wildlife Leaflet BS-i5r, 1940. 

2. Dennlcr, G. Deutsche Pelztierzucht, 14: 388-390, 1939. 

3. Asdell, S. A. Unpublished work. 

4. Brun, G. M. Am. Fur Breeder, 15: 20-26, 1942. 

5. Metayer, —. Bull. Soc. Acclim. Frnn(;aise, 80: 235-236, 1933. 

6. Hilleman, H. H., and D. Tihbitts. Fur Trade J., Canada, 34(6): 40, 42-44, 1957. 

7. Roos, T. B., and R. M. Shackleford. AR., 123: 301-312, 1955. 

8. Bullard, R. W., and L. R. Parkinson. Fur Trade J., Canada, 31(3): 23-27, 1953. 


CAPROMYIDAE 

Capromys pilorides Say 
HUTIA 

In the London zoo 4 births have occurred in March, May (twice), and 
August. The number of young was i and 3 (j). In the wild a female with 
4 embryos has been reported (2). 

1. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

2. Hall, E. R., and K. R. Kelson. The Mammals of North America. New York, 1959. 
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Myocaster coypus Molina 
NUTRIA 

The South American coypu is bred for its fur and is known commercially 
as the nutria. In several countries escapes have become naturalized and have 
flourished. The females are polyestrous, though to get them to breed through 
the winter the temperature must be kept at 60° F. (i). In Louisiana there 
is a breeding period in December and January and a secondary one in 
June and July (2). Puberty in the male is at age 4 to 5 months (3). In 
the female it is given as occurring at 1,800 to 2,200 g. weight, or at 5 months 
(4), but ovulations may not begin until 10 to 12 months, though vaginal 
smears show cstrous changes at 6 months (5). Reports on cycle lengths, etc., 
have been extremely varied. The cycle in young animals is 24 to 27 days, 
rarely 14 to 17 days; in older ones it lasts 27 to 29 days. Heat lasts 2 to 4 days 
but it is rarely shown by females above the age of 3I/2 to 4 years (6). Another 
account gives 17 days as the length of the cycle in 8 to lo-month-old females 
and 19 days in multiparous females, with heat lasting for i day in the 
young, and 2, occasionally 3 to 4 days, in older ones (7). Yet another ac¬ 
count gives the cycle length as varying from 5 to 28 days. One female 
experienced continuous estrus for periods up to 14 days long with 5- or 6-day 
intervals between them (8). These conflicts suggest that ovulation is coitus- 
induced. Vaginal smears resemble those of the rat but are less distinct in 
February to April than at other times (7). They indicate a cycle of 6.4 
days and estrus of 1.7 days (9), There is a post-partum heat 48 hours after 
the young arc born (10). In Louisiana the mean fetus count was 5.0, range 
I to II, and 64 per cent at the mode of 4 and 5 (2). Another account gives 
5.6 for primiparous females and 6.1 for older ones (ii). 

The diameter of the mature follicle is 0.94 to 1.8 mm., and that of the 
secondary cxkytes, 83 /a. The mature follicle does not protrude beyond the 
general surface of the ovary. Following ovulation a spherical corpus hemor- 
rhagicum about 1.8 mm. in diameter is formed. Radially arranged cords of 
lutein cells extend centrally. There are no mitoses. The fully formed luteal 
cells measure 0.12 X 0.20 mm. Some are binucleate. The corpus luteum of 
pregnancy is red to pink; its size may rise to 3.2 mm. Accessory corpora 
lutea are found with luteinized theca interna, but in these no oocytes were 
found (12). 
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During heat the cholesterol and ketosteroid levels in the ovaries rise (5). 
Mating in the first half of heat usually results in pregnancy, but mating in 
the second half seldom does (7). During the glandular proliferation of the 
uterus compact cellular nests proliferate towards one side of the existing 
glands and bud inward to produce the complex progestational pattern (13). 
The anterior pituitary contains very little L.H. (14). The ovary is not en¬ 
capsulated (15). Spermatogenesis decreases when the males reach 4 to 5 years 
of age (3). At coitus a copulation plug is formed (12). 

1. Federspiel, M. N. Am. Fur Breeder, 13: 13-20, 1941. 

2. Adams, W. H. Proc. Louisiana Acad. Sci., 19: 28-41, 1956. 

3. Pictrzyk-Walknowska, J. Folia Biol., 4: 22-34, ^ 95 ^- 

4. Laurie, E. M. O. J. Anim. Ecol., 15: 22-34 >1956. 

5. Konieezna, B. Folia Biol., 4: 139-150, 1956. 

6. Kraetge, E. Deutsche Pelztierzucht, 12: 117-120, 1937. 

7. Skowron-Cendrzak, A. Folia Biol., 4: 119-138, 1956. 

8. Wilson, E. D., and A. A. Dewees. fM., 43: 362-364, 1962. 

9. Bartha, T., and E. P. Gayer. Allattemyesztes, 7: 179-184, 1958. 

10. Matthias, K. E. K. Am. Fur Breeder, 14: 18-20, 1941. 

11. Ocetkicwicz, J., J. Kawinska, and J. Jarosz. Roezn. Naul:, 76B: 785-799, i960. 

12. Stanley, H. P., and H. H, Hilleman. J. Morphol., 106: 277-299, 1960. 

13. Molina-Ahumada, J. B., and O. Orias. Rev. Soc. Argentina Biol., 18: 321-325, 
1942. 

14. Lipschutz, A., and C. Oviedo. CRSB., 118: 333-334, 1935. 

15. Hilleman, H. A., A, I. Gaynor, and H. P. Stanley. AR., 130: 513-532, 1958. 


OCTODONTIDAE 

Octodon degus Molina 
BUSH RAT 

In the London zoo this South American rat breeds all year. Litters have 
ranged from i to 10, mean 4 (i). 

I. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Aconaetnys fuscus Waterhouse 

In early November this South American rodent was found with small 
young. A female with 2 very large fetuses was also taken at this time (i). 
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I. OsgCMxl, W. H. Field Mus. Nat. Hist., Zool. Scr., 30: 1-268, 1943. 


CTENOMYIDAE 

Ctenomys 

TUCO-TUCO 


Ctenomys opimus Wagner. Pregnant females, each with 2 fetuses, were 
taken in September (i). 

C. peruanus Sanborn and Pearson. A specimen with 5 embryos was found 
in December (1). 

I. Pearson, O. P. HCMZ., 106: 117-174, 1951-2. 


ABROCOMIDAE 

Abrocoma cinerea Thomas 
CHINCHILLA RAT 

Pregnant and lactating females were found in December. Two had 2 
fetuses each, one of them with 4 corpora lutea. This female was lactating (1). 

I, Pearson, O. P. HCMZ., 106: 117-174, 1951-2. 


ECHIMYIDAE 

Proechimys cayennensis Desmarest 
SPINY RAT 


This Central and South American rat has been found with embryos from 
January to August. These numbered usually 2 to 3, but may be as high as 
6 (1,2). 


1. Enders, R. K. HCMZ., 78: 385-502, 1935. 

2. Goodwin, G. G. AM., 87: 271-474, 1946. 
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THRYONOMYIDAE 

Thryonomys 
CANE RAT 


Thryonomys harrtsont Thomas and Wroughton. Females with 3 embryos 
have been found in February and March (i). 

T, swindlertanus Temminck. This South African rat probably has a re¬ 
stricted season, as the young are born from June to August. The litter size 
varies from 2 to 4, usually 3 (2). 

1. Hatt, R. T. AM., 76: 457-604, 1939-40. 

2. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 


PETROMYIDAE 

Petromys typicus A. Smith 
DASSIE RAT 


This South African rat breeds from November to February, in the hot 
weather. One or 2 appears to be the usual litter size (1). 

I. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 


BATHYERGIDAE 

Cryptomys 
MOLE RAT 


Cryptomys damarensis Ogilby. This South African rat probably has a 
fixed breeding season. Females with 5 fetuses each have been reported for 
April (i). 
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C. hottentotus Lesson. There is a single record of nestling young found in 
October (2). 

C. mechowii Peters. This rat has i to 2 young born in January or Febru- 

ary (3)- 

C. mellandi Thomas. Pregnant specimens have been found in February 
and August (4). 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. Lawrence, B., and A. Loveridge. HCMZ., no: 1-80, 1953. 

3. Hill, J. E. JM., 22: 81-85, 1941* 

4. Frcchkop, S. EPNU., 1944. 


HeliophobitiS argenteocinereus Peters 


Pregnant specimens of this rat have been taken in January and March (i). 
I. Frcchkop, S. EPNU., 1944, 


CTENODACTYLIDAE 

Ctenodactylus gundi Rothman 
GUNDI 

This African rodent appears to have two breeding seasons, in January and 
April. The young are born in March and June, while anestrum lasts from 
July to December (1). In North Africa a female with 3 fetuses near term 
has been reported near the end of April (2). 

1. de Lange, D. Zeit. Mikros. Anat. Forsch., 36: 488-496, 1934. 

2. La taste, F. Act. Soc. Linn. Bordeaux, 39: 129-299, 1885. 



Cetacea 


TF we consider the difficulties in observing the breeding habits of whales it 
is amazing that so much information on the subject is available. We owe 
these data to the observers placed on factory ships by the International 
Whaling Commission and to the scientists of the Discovery expeditions who 
have done an immense amount of work. Far more is now known about 
whales than about porpoises and dolphins. 

Whales appear to be polyestrous and to have fairly extended breeding 
seasons, but their habit of experiencing several ovulations for each pregnancy 
after the first is puzzling. Considering the great size of many species the 
gestation periods are remarkably short, and, as the young generally are very 
large in comparison to their mothers, the rate of fetal growth must be 
regarded as phenomenal. The habit of preservation of corpora lutea in the 
ovaries throughout life has been a boon to the observer. 


PLATANISTIDAE 

PLATANISTINAE 
Platanista gangetica Lebcck 
GANGES DOLPHIN 


This dolphin has i young born from April to July after a gestation of 
8 to 9 months (i). 

I. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 


410 



CETACEA 


411 


INIINAE 

Inia geoffroyensis Gray 
AMAZON DOLPHIN 


This dolphin has i young at a time (i). 

I. Cabrera, A., and J. Yepes. Historia Natural Ediar. Mamifcros Sud-Americanos. 
Buenos Aires, 1940. 


ZIPHIIDAE 

Mesoplodon 
BEAKED WHALE 


Mesoplodon gervaisi Deslongchamps. This whale has a bursa ovarii (i). 
M, minis True. A single record gives one fetus for this whale (2). 

1. Rankin, J. }. AR., 139: 379-386, 1961. 

2. Brimley, H. H. JM., 24: 199-203, 1943. 


Berardius bairdi Stejneger 
BEAKED WHALE 


Females of this northern whale reach puberty at 10 meters long. All 
ovulations are shown by the persistent corpora lutea (i). 

I. Matsuura, Y. Zool. Mag., Tokyo, 54: 466-473, 1942. 
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Hyperoddon ampullatus Forster 
BOTTLENOSE WHALE 


The mating time of the bottlenose whale is April and May. In the Arctic 
the young are born before May and June. The female may be pregnant while 
lactating. One young is the rule, and the period of gestation is about 12 
months (i). 

I. Ohlin, A. Lund, Acta Univ., 29(2), 1892-93. 


PHYSETERIDAE 

PHYSETERINAE 
Physeter catodon L. 
SPERM WHALE 


In the Azores region the males of the sperm whale are sexually mature 
at about 9.6 m. long. Above that length testis volume begins to increase 
materially. The females become mature within the range of 7.9 to 9.5 m. 
long, mean 8.8 m. If the ovaries weigh 0.5 kg. or more, the female is mature 

(1) . In Japanese waters the males reach puberty at 13.1 m. (2), and all 
females of 10.8 m. and over are sexually mature (3). In the Southern Hemi¬ 
sphere 12 m. has been given as the probable length for puberty in the males 
and 9 to 9.5 m. in the females (4). 

The fetuses fall into two groups, suggesting a limited breeding season and 
a gestation period of more than a year. In the Azores most births occur 
between July and August and the time of mating is probably from mid- 
February to mid-June, with a few as early as January and as late as July. The 
whole period of births is from May to November, with most from July to 
September (i). In Japanese waters mating is in March and birth from the 
end of July to the beginning of October after a gestation of about 17 months 

(2) . In the Southern Hemisphere the breeding season is from August to 
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December, with October the time of most activity. Births occur from Dccem- 
ber to April, with most in February (4). The gestation period lasts about 
16 months (i, 4). There is no long anestrum. Ovulations, probably about 4 
to each season after the first, occur near the end of lactation (4). Since lacta¬ 
tion lasts about 15 months this would give a pregnancy about every third 
year, a figure that agrees with the estimate for these whales in Japanese 
waters (5). One young at a time is the rule, but twins have been found 
in 0.66 per cent of pregnancies. Combined data from many sources give 
50.57 per cent males as the sex proportion among fetuses (i). 

The Azores data suggest a limited breeding season for the males, from 
March to May (i), but the material from the Southern Hemisphere does 
not, as some spermatogenesis and spermatozoa may be found all the year 
round (4). 

The combined testis volume at puberty is about 3.6 1 . or more (i). In 
one instance a single testis weighed, without epididymis, 6.4 kg. The internal 
diameter of the tubule in the tail of the epididymis was 2 mm., and of the 
ductus deferens 5 mm. The head length of the spermatozoon was 4.9 ±: .02 /a, 
and the breadth, 2.7 ±: .01 g. The tail length was 40.6 ix (6). Spermatogenesis 
is general when the males reach 12.3 m. length, but 10.8 to n.4 m. is the 
critical stage (3). Seventy-five per cent of testes are producing spermatozoa 
when the males are 12.6 to 13.0 m. long. They then weigh 1.5 kg. The left 
testis is the heavier in 56 per cent of cases. These figures are for whales 
taken in the Antarctic and they suggest an earlier maturity in the north (7). 
The right ovary ovulates more frequently than does the left (8). 

1. Clarke, R. Discovery Rpts., 28: 237-298, 1955-7. 

2. Mizue, K., and H. Jimbo. Sci. Rpts. Whales Res. Inst., Japan, 3: 119-131, 1950. 

3. Ni-shiwaki, M., and T, Hibiya. Sci. Rpts. Whales Res. Inst., Japan, 6: 153-165, 1951. 

4. Matthews, L. H. Discovery Rpts., 17: 93-168, 1937-8. 

5. Matsuura, Y. Zool Mag., Tokyo, 48; 260-266, 1936. 

6. Yamanc, J. Zeit. f. Zucht., 34B; 105-109, 1936. 

7. Nishiwaki, M. Sci. Rpts. Whales Res. Inst., Japan, 10: 143-149, 1955. 

8. Chuzhakina, E, S. Trudy Inst. Okcanol. Akad. Nauk, 18: 95-99, 1955. 
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KOGIINAE 

Kogia breviceps Blainville 
PYGMY SPERM WHALE 


This whale breeds late in the summer and the single young is born 
in the following spring after a gestation of about 9 months (i). In Novem¬ 
ber a lactating female was taken; her uterus was enlarged, thick-walled, and 
spongy (2). 

1. Allen, G. M. Field Mus. Nat Hist, Zool. Sen, 27: 17-36, 1941. 

2. Smalley, A. E. JM., 40: 452, 1959. 


MONODONTIDAE 

Delphinaptcrtis leucas Pallas 
WHITE WHALE 


There is a record of a female with a single fetus, iq inches long, taken in 
October (i). The time of birth varies. In the White Sea it occurs from 
the middle to the end of June; in the Barents Sea, early July; and in the 
Kara Sea at mid-July (2). 

1. Soper, J. D. IM., 25: 221-254, 1944. 

2. Belkovich, V. M. ZZ., 39: 1414-1422, i960. 


Monodon monoceros L. 
NARWHAL 


This whale of Arctic waters has no definite breeding season. One young 
is the rule (i). 


I. Parsild, M. P. JM., 3: 8-13, 1922. 
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DELPHINIDAE 

Delphinus delphis L. 

COMMON OCEAN DOLPHIN 


The age at puberty is 3 years (i). The young are still attached to the 
mother by the umbilical cord several days after parturition. At this time 
the placentae and corpora lutca are still present, and the latter show no 
signs of involution (2). The period of gestation is given as 276 days (3). 
The vaginal smear is helpful in diagnosis of estrus but it is not completely 
reliable (4). 

1. Slcplzov, M. M. Bull. Sf)C. Nat. Moscow, Biol., N.S., 49: 50, 1940. 

2. Klivatov, V. P. Bull, liiol. Mccl. Exp., U.R.S.S., 5: 27-88, 1938. 

3. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 

4. Sokolov, V. E. Trudy Soveshch. Ikhtiol. Komis. Akad. Nauk, S.S.S.R., 12: 68-71, 
1961. 


Grampus recti pinna Cope 
PACIFIC KILLER WHALE 


The young of this whale are born in spring and summer (i). 
I. SchcfTcr, V. B., and J. W. Slipp. AMN., 39: 257-337, 1948. 


Tursiops tnincatus Montagu 
BOTTLE-NOSED DOLPHIN 

The females of this dolphin probably reach puberty at age 4 years (i). 
The time of mating and parturition is from February to May and the single 
young is born after a gestation of about 12 months. The young are weaned 
at about 18 months (2). 



4i6 


MAMMALIAN REPRODUCTION 


1. McBride, A. F., and H. Kritzicr. JM., 32: 251-266, 1951. 

2, Tavolga, M. C., and F. S. Essapian. Zoologica, 42: 11-31, 1957. 


Lagenorhyfichus obliquidens Gill 
STRIPED DOLPHIN 

According to one account mating is probably in the summer, and the 
young are born in the following spring or summer. There are records of a 
i2-cm. fetus in September and of a 37-cm. one in December. The single 
young is being suckled in July (i, 2). Another record mentions that copula¬ 
tions were observed in March and that a well-developed fetus was also 
found in that month (3). 

1. Scheffer, V. B. AMN., 44: 750-758, 1950. 

2. Gubertat, J. E. The Murrelet, 17: 56, 1936. 

3. Wilke, F., T. Taniwaki, and N. Kuroda. JM., 34: 488-497, 1953. 

Lagenorhynchus acutus Gray. A newborn young has been seen early 
in July (i). 

I. van Utrecht, W. L. Mammalia, 23: 100-122, 1959. 


Pseudorca crassidens Owen 
FALSE KILLER WHALE 


This whale is polyestrous except in winter, when it is in the anestrous 
condition. One ovum is shed at a time (i). 

I. Comric, L. C., and A. B. Adam. Trans. Roy. Soc. Edinburgh, 59; 521-531, 1938. 


Globiocephala melacna Traill 
BLACKFISH 


The blackfish or caaing whale is probably polyestrous and ovulation is 
spontaneous. Thecal cones appear in the follicle but these are believed to 
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be transient. The corpus luteum is yellow to pale ochre and the stigma is 
markedly herniated. The luteal cells are derived from the granulosa and 
many are multinuclear. Theca interna cells remain at the periphery of the 
corpus luteum. Since the corpora albicantia gradually shrink, they are not 
useful in determining the age of the blackfish. The luteinized cells arc 30 /x 
in diameter (1). The gestation period is about 13 to 16 months. Puberty in 
the male is reached at age 13 years, and in the female at age 6 years (2). 

1. Harrison, R. J. J. Anat., 83; 238-253, 1949. 

2. Slijper, E. J. Wlialcs. New York, 1962. 

Globiocephala macrorhyncha Gray. Most of the young are born in the 
spring but a few not until fall (i). 

G. scammoni Cope. The young of this blackfish are said to be born at 
any time of year (2). In captivity a pair has mated from February to April 
and again in October and November (3). 

1. Starrett, A., and P. Starrett. JM., 36: 424-429, 1955. 

2. Bailey, V. NAF., 55, 1936. 

3. Brown, D. H. Zoologica, 47: 59-64, 1962. 


PHOCAENIDAE 

Phocaena phocoena L. 
PORPOISE 


Porpoise females breed at about 14 months old, when they are 150 cm. 
long and weigh 50 kg. They breed every year, most of them mating in 
July and August (t, 2). Pregnancy lasts about 10 to 11 months and lactation 
about 8 months. A single young is usual (1). A birth was recorded for 
early July (3). Another account gives the mating season as lasting from July 
to October with births from March to July (4). 

1. Mohl-Hanscn, U. Videnskab. Medd. Dansk Naturhist. Foren., Kobenhavn, 116: 
369-396, 1954. 

2. Scheffer, V. B., and J, W. Slipp. AMN., 39: 257-337, 1948. 

3. van Utrecht, W. L. Mammalia, 23: 100-122, 1959. 

4. Slijper, E. J. Whales. New York, 1962. 
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Phocaena ddli True. Pregnant females of Dali’s porpoise have been 
captured in May (i). 

I. Wilke, F., T. Taniwaki, and N. Kuroda. JM., 34; 488-497, 1953. 


Neophocaena phocaenoides Cuvier 
INDIAN PORPOISE 


This porpoise breeds in October and has i young (i). The young are 
also said to be born in this month (2). 

1. Ho, H. J. Contrib. Biol. Lab. Sci. Soc. China, Zool. .Ser., 10: 245-287, I 933 “ 5 - 

2. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 


RHACHIANECTIDAE 
Rhachianectes gibhosus Erxlcbcn 
GRAY WHALE 

Mating has been observed in April. The young arc born in spring after 
a gestation of about a year (i). Another account gives the season for mating 
as December and birth in the same month. Lactation continues for 5 months, 
and puberty in each sex is reached at 4 years of age (2). Adult cows bear 
one calf at 2-year intervals (3). 

1. Bailey, V. NAF., 55, 1936. 

2. Slijper, E. I. Whales. New York, 1962. 

3. Gilmore, R. M. United States Fish and Wildlife Service Special Sci. Rpt., Fish, 342: 
1-30, i960. 


BALAENOPTERIDAE 

Balaenoptera acutirostrata Lacepede 
LITTLE PIKED WHALE 


Puberty is reached at 7.5 m. long in the females, and in the males at 
6.5 to 7 m. (i). Mating is most frequent in February and March, and a 
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single young is born after a gestation of 10 months (2). In northeast Atlantic 
waters mating extends from January to the end of May (3). In the Pacific 
most of the mating is at the end of February and the beginning of March, 
with births at the end of December and the beginning of January. There is 
also a lesser period from August to September, and births follow in June 
and July. Most females bring forth a calf once a year, but some bear at 
18-month intervals (i). 

1. Oriuira, H., and II. Sakiura. Sci. Rpts. Whales Res. Inst. Japan, ii: 1-37, 1956. 

2. Scattergood, L. W. The Murrelet, 30: 1-16, 1949. 

3. Jonsgard, A. Norsk Hvalfangst-tid., 40: 209-232, 1951. 


Balaenoptera borealis Lesson 
SEI WHALE 


The males reach puberty at 13 to 14 m. long and the females at 14 m. (i, 2), 
when they arc about 2^2 years old (3). ITere are no indications of a male 
rutting season but in the Southern Hemisphere most pairing is from May 
to August and the season is at its height in July (1). In the Northern Hemi¬ 
sphere pairing takes [dace in January, for the most part, though there is 
a ^-month sf’jread, and calving in November (4). The gestation period has 
been estimated as a little less than ii months (4), and as 12 months, followed 
by a mean lactation period of about 5 months and then by anestrum until 
the next pairing season. Of 17 whales with a single corpus luteum S were 
pregnant and 4 had been pregnant. Thus, 70 [>er cent become pregnant 
at their first ovulation. Between pregnancies there are 3 to 5 ovulations. The 
diameter of the corpus luteum of pregnancy is about 8.5 cm. (1). Twins have 
been reported in i.i per cent of pregnancies (5). 

1. Matllicws, L. H. Discorery Rpts., 17: 183-290, 1937-8. 

2. Mi/uc, R. Sci. Rpts. Whales Res. Inst. Japan, 3: 106-118, 195 ^* 

3. Ruiid, |. T. I halradcts Skriftcr, 29, 1945- 

4. Mi/iie, R., and H. jiniU). Sci. Rpts. Whales Res. Inst. Japan, 3: 119-131, 1950. 

5. Paulsen, H. Norsk H\alfangst-tid., 12: 464, 1939. 
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Balaenoptera physalus L. 
FINNER WHALE 


In the Southern Hemisphere the males reach puberty at 19.2 m. long, 
and the females at 19.9 m. (i), when the whales arc 3 years old (2). Another 
account gives 5 years as the average for both sexes (3), but there is reason 
to believe that the age at puberty has decreased with increased rate of growth 
following the diminution of numbers. The pregnancy rate has also been 
increasing (4). In the Northern Hemisphere the testes increase in size at 
19 m. and the females reach puberty at 20.6 m. (5). In the Southern 
Hemisphere the testes become active in the early winter, roughly from April 
to June, when the breeding season begins. Gestation lasts for nearly a year 
(i), or for 12 months and to days (6). Pregnancy is rare during lactation (i) 
which lasts for 6 months (3). In the Northern Hemisphere matings take 
place during the months from November to March (7). The fetal sex 
proportion of about 13,000 specimens was 52.0 per cent males (1). Of 569 
births, II were twins, or 1.9 per cent. Of these ii cases, in one only was 
there a single corpus luteum. The tentative conclusion is reached that about 
10 per cent of twins may be identical (8). In another investigation twins 
occurred 123 times and triplets, twice, in 13,186 pregnancies, a rate of 0.95 
per cent (9). In 64 per cent of pregnancies the fetus has been on the right 
side (10). 

The uterine endometrium at the time of cstrus is 3 times as thick as it 
is during anestrum. The glands are numerous, closely packed, and greatly 
convoluted. The capillaries bulge into the uterine lumen and the mucosa 
is edematous (ii). During pregnancy the anterior hypophysis is large and 
hyperemic. At this time it weighs about 34 g., in comparison with 18 g. in 
males and nonpregnant females (12). The anterior hypophysis increases in 
weight suddenly in males at 19.7 m. long and at 20.6 to 21 m. in females. 
Seventy-five per cent of the males are sexually mature at 19.0 m. The anterior 
hypophysis then weighs 12 g. In the female it weighs 20 g. (5). When ma¬ 
ture the two testes weigh 5 kg. and up (5). The functional corpus luteum 
measures 12.9 cm. in diameter (13). 

1. Mackintosh, N. A. Discovery Rpts., 22: 197-300, i942-“3. 

2. Ruud, J. T, Hvalradets Skrifter, 29, 1945. 
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3. Slijpcr, E. J. Whales. New York, 1962. 

4. Laws, R. M. In E. D. Le Cren and M. W. Holdgate, eds., The Exploitation of 
Natural Animal Populations. Oxford, 1962. 

5. Nishiwaki, M., and T. Oye. Sci. Rpts. Whales Res. Inst. Japan, 5, 1948. 

6. Mizuc, K., and H. Jimbo. Sci. Rpts. Whales Res. Inst. Japan, 3: 119-131, 1950. 

7. Zenkovic, B. A. Dokl. Akad. Nauk, S.S.S.R., 2: 337-343, 1935. 

8. Brinkmann, Jr., A. Hvalradets Skriftcr, 31: 5-38, 1948. 

9. Paulsen, H. Norsk Hvalfangst-tid., 12: 464, 1939. 

10. Slijpcr, E. J. Bijdr. Dicrk., 28: 416-448, 1949. 

11. Matthews, L. H. J. Anat., 82: 207-232, 1948. 

12. Sverdrup, A., and K. Arnesen. Hvalradets Skrifter, 36, 1952. 

13. Mizuc, K., and T. Murata. Sci. Rpts. Whales Res. Inst. Japan, pp. 73-131, n.d. 


Megaptera novaeangliae Borowski 
HUMPBACK WHALE 

At puberty, as judged by the condition of the testes, the males of this 
species average 11.3 m. long, range 10.3 to 12.6 m. At this time the mean testis 
weight is 2 kg. Fertility is low for a year. In Western Australian waters 
the testis weight increases and spermatogenesis is more active in the winter 
months (i). The bulk of conceptions are from August to November, with 
a few from December to June (2), and gestation lasts nearly a year (3). 
At puberty the females are 11.9 m. long, range ii.o to 13.4 m. They may 
breed immediately or delay tor a year (4). The females are polyestrous and 
there arc about 4 ovulations for each pregnancy after the first (2). In one 
account lactation is of 5 months’ duration and is followed by a period of 
ancstrum from December to February (2), but, according to another, it 
lasts for 10/2 months and is not followed by anestrum (3). However, a 
post-partum ovulation may occur, though it is not known whether this is 
usual (4). Twins are born occasionally; one account gives the frequency as 
0.4 per cent (5), and the sex proportion at birth is 51.4 per cent males (3). 
The sex proportion of 1,700 fetuses was given at 57.4 per cent males (6). 
About 86 per cent of mature females are pregnant (7). 

The ripening follicles project from the surface of the ovary, and the 
corpus luteum is functional throughout pregnancy. After parturition, and 
after ovulation without an ensuing pregnancy, it becomes small and fibrous 
but it probably persists throughout life (2). No preference is shown in 
activity between the ovaries or uterine horns (3). The functional corpus 
luteum measures 12.6 cm. in diameter (8). 
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The adult testes weigh about 7 kg., and there is little difference in size 
between right and left. Branched seminiferous tubules are common. The 
length of the spermatozoon is 52.5 /a, range 32.2 to 64.4 fi. The penis length 
is very variable. In sexually mature males it ranges from 3.2 to 6.2 ft. long, 
with 3.5 ft. the average (1). 

1. Chittleborough, R. G. Australian J. Marine Freshwater Res., 6: 1-29, I955- 

2. Matthews, L. H. Discovery Rpts., 17: 7-92, 1937-8. 

3. Chittleborough, R. G. Australian J. Marine Freshwater Res., 5: 159-169, 1954. 

4. Chittleborough, R. G. Australian J. Marine Freshwater Res., 6: 315-327, 1955. 

5. Paulsen, H. Norsk Hvalfangst-tid., 12: 464, 1939. 

6. Mackintosh, N. A. Discovery Rpts., 22: 197-300, 1942-3. 

7- Omura, H. Sci. Rpts. Whales Res. Inst. Japan, 8: 81-102, 1953. 

8. Mizue, K., and T. Murata. Sci. Rpts. Whales Res. Inst. Japan, pp. 73-131, n.d. 


Sibhaldtis muse ulus L. 
BLUE WHALE 


This whale reaches puberty in the male at 22.6 m. long, and in the female 
at 22.5 m. (i). This occurs in the females at age 3 to 7 years, usually 5, and 
in the males at 2 to 6 years, mostly 4 or 5 (2). In the Southern Hemisphere 
the testes become most active in the early winter months, roughly from April 
to June, and this is the usual breeding sea.son. Gestation lasts for nearly a 
year and pregnancy during lactation is rare (1). Lactation is of about 7 
months duration, but it may be longer. Some females become pregnant 
every 2 years but an unknown proportion do so every 3 years (3). About 
43 per cent of mature females caught are pregnant (4). The females are 
probably polyestrous, as corpora lutea accumulate at the first pregnancy at 
the rate of slightly less than 2 and then at the rate of slightly more than 2 
each 2 years. The maximum number produced at one breeding season is 
about 4 (2). Twins, etc., account for about 0.74 per cent of all births, and 
one record of quadruplets has been made (5)* Another account gives 0.68 
per cent of twins (6). The sex proportion of about io,()f)o fetuses was 52.7 
per cent males (t). In a limited series 59.8 per cent of fetuses were in the left 
horn of the uterus (7, 8). The corpus luteum of pregnancy has a mean diam¬ 
eter of 12.7 cm. It has a very pronounced scar with a raised corona (3). 
Another account gives the diameter of the functional corpus luteum as 
17.9 cm. (7). The ovary weighs 4 to 5 kg., and it contains about 500 cc. of 
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liquor folliculi which has an estrogen value of about 2,000 M.U. per liter. 
The corpus luteum may weigh 4 kg., and, after preservation in a frozen state 
for a year, the tissue gave a progesterone value of 60 Rab.U. per kg. The 
anterior pituitary weighs 30 g. (9). The corpus luteum remains throughout 
life in a more or less degenerated state (10). 

The anterior pituitary suddenly increases in weight at 23 m. long in the 
males and at 26.5 m. in the females. At the critical point, i.e., when 75 per 
cent are sexually mature, it weighs 17 g. in males and 23 g. in females (4). 

1. Mackintosh, N. A. Discovery Rpts., 22: 197-300, 1942-3. 

2. Ruud, J. I., A. Jonsgard, and P. Oitestad. Hvalradets Skrifter, 33: 1950. 

3. Laurie, A. 11 . Discovery Rpts., 15: 223-284, 1937. 

4. Nishiwaki, M., and 7 '. Oyc. Sci. Rpts. Whale Res. Inst. Japan, 5: 91-167, 1948. 

5. Rrinkmann, Jr., A. Mvalradcts Skrifter, 31: 1-38, 1948. 

6. Paulsen, H. Norsk Ilvalfangst-tid., 12: 464, 1939. 

7. Mizuc, K., and T. Murata. Sci. Rpts. Whales Res. Inst. Japan, pp. 73-131, n.d. 

8. Slijper, E. J. Pijdr. Dierk., 28: 416-448, 1949. 

9. Jacolasen, A. P. Nature, 136: 1029, 1935. 

10, Peters, N. Zool. Anz., 127: 193-204, 1939. 


BALAENIDAE 

Eubalaena 

RIGHT WHALE 


Eubalaena australis Desmoulins. The southern right whale gives birth 
to its single young in June or July (i). It probably has 4 ovulations to a 
season after its first (2). 

E. glacialis Borowski. I'he Atlantic right whale has its young in March 
after a gestation lasting about a year (3). 

1. Shortridge, G. C. Tlie Manunals of South West Africa. London, 1934. 

2. Matthews, L. 11 . Discovery Rpts., 17: 169-182, 1937-8. 

3. Millais, J. G. 'Ehc Mammals of Great Pritain and Ireland. London, 1906. 
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Balaena mysticetus L. 
GREENLAND WHALE 


This whale mates in February and March; the young are born in Decem¬ 
ber after a gestation of 9 to 10 months. Lactation lasts for 12 months (i). 

I. Slijpcr, E. J. Whales. New York, 1962. 



Carnivora 

AND 

PINNIPEDIA 


T he patterns of reproduction in Carnivora vary widely in different fami¬ 
lies. The Ursidae appear to be monestrous; the young are born in a 
very immature state and delayed implantation of the blastocysts is suspected. 
The Mustelidae have a restricted breeding season in which waves of follicles 
ripen. They seem to be very susceptible to variations in the intensity of light. 
Induced ovulation is the rule in several species and probably occurs in others. 
Some species have an excessively long gestation period, almost a year, and in 
these delayed implantation is the cause. The latent period may be shortened 
by exposure to greater amounts of daylight. Coitus-induced ovulation is 
found in some of the Viverridae. Most Canidae are monestrous, and they 
have a prolonged pseudopregnancy in the absence of pregnancy. Extravasa¬ 
tion of blood in the uterus seems to be the exception rather than the rule. It 
has been found definitely only in the genus Cams. The Felidae appear to be 
seasonally polyestrous in temperate regions and completely polyestrous in 
tropical regions, but our knowledge of the smaller tropical species is inade¬ 
quate for generalization. In the Procyonidae induced ovulation has been 
found. 

In the Pinnipedia breeding is once a year, in spring soon after they have 
given birth to their young. This gives a gestation period of almost a year 
and it is associated with delayed implantation. In several species coitus- 
induced ovulation is suspected, but it is diiricult to obtain rigid proof. Lacta¬ 
tion is exceptionally short. The corpus luieum is versatile; it seems to be 
capable of taking on new life during lactation, and its activity seems to be 
in abeyance in the period before implantation of the embryos. 
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For several reasons the writer believes that coitus-induced ovulation is a 
more primitive mechanism than spontaneous ovulation. If so, then these two 
suborders show this trait to a remarkable degree. This should be taken into 
account in evolutionary sequences, if such are justified in this realm of 
taxonomy. 


CANIDAE 

CANINAE 
Cams familiar is L. 

DOG 

The domestic dog is monestrous and usually has two heat periods in a 
year, in late winter or early spring and in the fall. Procstrum lasts for about 
7 to 9 days and is characterized by a swelling of the vulva and a discharge 
of blood derived from the uterus. Estrus lasts about the same time, and 
about I day after its commencement the ova arc shed. I'hcse arc almost 
unique in that the first polar body is not shed, and fertilization is apparently 
not possible, until some time after they have left the graafian follicles. If the 
bitch does not become pregnant, the corpora usually persist for about 2 
months, during which time a condition of psciidoprcgnancy exists. This 
period is followed by anestrum lasting about 2 months. 

In the London zoo the dingo, wild dog of Australia, usually has its young 
between February and April, with a few in November. The litter size is 
I to 8, mode 4, and average 4.1. The gestation period is 63 days (1). 


THE ESTROUS CYCLE 

The bitch is usually said to have two heat periods a year, one in the early 
spring and one in the fall. Curves of births according to seasons made from 
data in kennel club records do not show this fact. The curves are almost 
unimodal, with peaks denoting conception very early in the spring. The 
true nature of the breeding season is obscured in these records by the 
breeders’ habit of mating their dogs usually in spring and by the method of 
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estimating dogs’ ages, which makes it advantageous for show and racing 
purposes to have them born early in the year. However, a series of Ameri¬ 
can records for several breeds shows a slight bimodality, with most concep¬ 
tions in February and April (2). Another compilation from American 
Kennel Club records for cockers, great Danes, setters, and Pekingese showed 
no peaks of consequence (3). Similar records for greyhounds in England 
have peaks in January and March. It is not clear whether these are natural 
phenomena or the result of breeding customs (4). In kennels, Airedales 
show heats fairly evenly distributed through the year, but with most in July, 
and fewest from September to October. The interval between heats was 
mostly 7 or 8 months (5). The Basenji has only one heat a year, almost ex¬ 
clusively in the fall; 60 per cent were between September 20 and October 
10, and all between August 15 and December i (6). When they were crossed 
with other breeds it was ascertained that the single annual season was due 
to a single recessive gene but the heterozygotes were rather variable (7). 
Puberty is reached at 6 to 8 months as a rule (8), although a good deal 
depends upon the amount of liberty allowed. Kenneled Airedales reached 
puberty at 15 to 24 months and mongrels by 16 months (5). 

The onset of heat in the dog is gradual and is preceded by a long pro- 
estrtim, which is marked by considerable swelling of the vulva and bleeding 
from the uterus. The length of proestrum varies somewhat widely. One series 
gives for greyhounds 7 to 22 days, as judged by erythrocytes in the vaginal 
smear (g); another, from the first appearance of a sanguineous discharge 
to first acceptance, gave 4 to 13 days with a mean of 9 ±: .5 days (5). Heat in 
the greyhound lasts 7 to 9 days (9), and for a limited series of dogs of 
various breeds 4 to 13 days; mean, 9 ±: .5 days (10). In Airedales bleeding 
lasted for 12 days, range 5 to 27 days; and estrus for 10 days, range 6 to 14 
days. In foxhounds the corresponding figures were: bleeding, 5 days, range 
2 to 7; estrus, 12 days, range 6 to 16 (5). There is often an overlapping 
of the external signs of the two periods. During the proestrum the male and 
female are interested in each other, but coitus is not usually allowed until 
the last day or two of bleeding. Ovulation is usually i to 3 days after first 
acceptance by the male (9, 10). The dog and fox differ from other mammals 
so far investigated in that the first polar body is not extruded from the ovum 
for some days after it has been shed. Accordingly the ova are apparently 
not ready for fertilization for some days after ovulation (ii), which is spon¬ 
taneous (12). Service after the bitch has been in heat for 5 days results in 
lowered fertility (5). 

There is some uncertainty concerning the length of time during which 
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the eggs may be fertilized after they have been shed. It is certain that they 
may survive for 4 days, and probably for twice this time. They travel quickly 
to the middle of the oviduct, taking a day or less, then they remain in this 
part, or in the portion nearest the uterus, for several days (10). 

After ovulation corpora lutea are formed, which persist, in the absence of 
pregnancy, in a functional condition for at least 30 days. Then they gradually 
degenerate, but they may be detected in the ovaries at the time of the next 
heat. This persistence is accompanied by proliferative changes in the uterus 
and mammary glands, and the decline is marked, in many cases, by lactation 
and the formation of a nest, a usual reaction at the end of a true pregnancy 
(10, 13). The duration of this pseudopregnancy is somewhat variable and 
is usually given as about 2 months. Probably it is too gradual to set any 
definite limit. 

There appears to be practically no precise information on the litter size 
of the dog and its variation with the breed. For the German sheep dog 
the mean litter size is 7.15 zt .02, with a range from i to 17. The sex 
proportion in this series, which is drawn from stud books, was 52.75 ± .12 
per cent males. It tends to decrease with litter size. The material is peculiar 
in that there are too many combinatioiisS, exclusively or predominantly, of 
one sex (14). This may indicate that uniovular twins are frequent. In another 
study of the German sheep dog, in which the mean litter size and its range 
were the same as in the work just quoted, 83 per cent of the litters were 
between 4 and 10. Stillbirths were 2.29 per cent of the total, and their sex 
proportion was 62.25 (^5)> '^hich suggests that the sex proportion 

may be higher early in gestation than at birth, a condition which holds also 
in man and the pig. Yet another German sheep dog investigation gave a 
litter range from i to 15, mean 6.6 ± .03, mode 5 and 8, and a sex proportion 
of 51.5 per cent males (2). The litter size for the Hungarian sheep dog was 
6.7, of which 5T.2 per cent were males (16). The litter size decreased gradu¬ 
ally in females over 3 years old. Litter size for Airedales has been given as 
7.7 ± .32, and for foxhounds as 7.3 =t .93 (17). For the greyhound it was 
6.5 (18), and for the border collie in Australia, 5.7 (19). It increases with 
the size of the bitch. The sex proportion for the schnauzer is given as 50.5 
per cent males, and for the French bull, 50.4 per cent, but for bull terriers 
the proportion has been recorded as 55.9 per cent (20). 

The gestation period is usually given as between 58 and 63 days (12, 8). 
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HISTOLOGY OF THE FEMALE TRACT 

OVARY. At birth the ovaries contain 700,000 ova; at puberty the number 
has been reduced to 355,000; at age 5 years to 33,800; and at 10 years only 
518 remain (21). At the beginning of the proestrum large numbers of small 
and medium-sized graafian follicles can be found in the cortical zone of the 
ovary, but most of these already show degenerative changes, and very few 
are destined to rupture. Those follicles which continue to grow have folds 
of granulosa cells with vascularized cores of theca interna, which are more 
complex than those found in any other mammal that has been investigated. 
As the bitch enters heat, these folds become more complex, but the theca 
interna cells show less than the usual amount of hypertrophy. Ovulation 
usually occurs on the first day of heat or acceptance, when the follicles are 
about 6 mm. in diameter, and there is little growth during proestrum. All 
rupture within a short time. At first the granulosa lutein cells are arranged 
in irregular columns resembling an open lacework. By the eighth day the 
appearance is more compact, although large cavities are still present, and 
the corpora lutea do not become completely solid until they are about 18 
(lays old. The condition of the uterus indicates that they remain functional 
for 30 days after heat has ended, but histologically the cells remain in good 
condition for some time longer. When the decline sets in, it is so gradual 
a process that one cannot give a time for their effective life on histological 
grounds alone (10, 22). Alkaline phosphatase may be found in the theca 
interna but it disappears after ovulation. Only a trace can be found in the 
granulosa cells (23). 

The average size of the ova after they have been shed is 77 X 90 /i. ex¬ 
cluding, and 95 X no /a including, the zona pelliicida. 

VAGINA. One feature of proestrum is the marked edematous swelling 
of the vulva, which increases throughout this period and remains during 
heat, after which the decline is somewhat gradual. The vestibule is coated 
with low stratified epithelium, which increases a little in height during 
proestrum, but never to any great extent. The vagina proper exhibits well- 
marked changes during the cycle. During anestrum the epithelium is co¬ 
lumnar in type, 2 to 3 layers thick. By the beginning of proestrum it has 
become flat stratified, 6 to 8 layers thick. It continues to grow, so that by first 
acceptance it is 12 to 20 cells thick, and the superficial layers have become 
cornified. Cells arc being lost from the superficial layer throughout, but 
marked desquamation does not set in until the third or fourth day of heat, 
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when reduction is rapid. At this time there is also some infiltration of leuco¬ 
cytes. Repair sets in soon after heat is over, and by the tenth day postestrum 
the epithelium is of the anestrous high-columnar type. 

The vaginal smears are clear-cut, with red blood cells and epithelial cells 
in early proestrum. The latter type gives way entirely to large cornified cells 
and, after bleeding ceases, these are the only cells present. Toward the end 
of heat a few leucocytes are found, but they do not become abundant until 
2 to 3 days after heat has ceased. The anestrous smear consists of epithelial 
cells with a few leucocytes (lo). Cornified cells do not disappear from the 
smear until 3 to 5 days after the last day of acceptance, but they are gradually 
replaced by noncornified cells and leucocytes. Ovulation occurs 24 hours 
before the appearance of leucocytes in the smear, and the male is regularly 
accepted at 24 to 48 hours after they first appear (24). 

UTERUS. During anestrum the endometrium is low and compact, but 
the glands are poorly developed. The lumen of the uterus is H-shaped in 
cross section. In proestrum the endometrium becomes very edematous, the 
lumen flattens out, and hyperemia is very apparent. Focal bleeding occurs, 
but, as the epithelium does not rupture, the erythrocytes escape into the 
lumen by diapedesis. Mitoses are abundant throughout, but the glands re¬ 
main simple. During heat the edema persists, but bleeding ceases and hy¬ 
peremia is not so apparent. The glands are increasing in complexity and 
show some secretory activity. Leucocytes are abundant at this time. During 
pseudopregnancy the endometrium is in two well-defined zones, a superfi¬ 
cial “compacta” and a deep “spongiosa” with numerous branched glands. 
The zona compacta develops villous processes which obstruct the uterine 
cavity. Retrogressive changes set in at the twentieth day after heat has ceased, 
and they become marked by the thirtieth day; but the process of involution 
is gradual, and the anestrous condition is not reached until 85 days (8, 10, 
13, 22). It is said that the end of pseudopregnancy is marked by a further 
extravasation of blood (13), but this has not always been found (10). 

Much dark pigment is present in the superficial layers of the uterus in 
anestrum and proestrum (12), and during the latter period many pigment¬ 
laden macrophages are found (22). 

During proestrum the epithelium of the oviduct is tall-columnar and it is 
secreting. There are variable numbers of cilia. During heat the picture is 
the same. After heat is over, secretion ceases; the cells are not granulated 
but are vacuolar. Cilia are much less apparent. In anestrum the cells are low, 
nonciliated, and they contain some granules (8, 25). 
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True basophil cells are not present in the anterior pituitary, but two types 
that seem to be essentially basophilic have been described. A large granulated 
type increases during proestrum, and these cells become heavily granulated. 
They degranulate before ovulation and are present in small numbers during 
the lutein phase of the cycle. Eosinophils are also degranulated during this 
phase. All granular types increase gradually during anestrum. There are no 
specialized pregnancy cells (26). 


PHYSIOLOGY OF THE FEMALE TRACT 

The pH of the fluids secreted into a closed uterine segment of a bitch 
brought into heat with stilbestrol was 6.09 with a range from 5.19 to 6.26 

(27)- 

The uterine muscle responds to epinephrin by contraction if the bitch is 
pregnant, i.e., if a corpus luteum is present, and by relaxation at other times 
(28, 29), This is a peculiarity shared by the cat and the cow. 

Estrogens can be detected in the urine during pregnancy after 15 to 18 
days, but the level is not high at any time (30). Twenty I.U. daily of estrogen 
is without effect in the immature bitch, but 200 I.U. produces cornification 
in the vagina. The same daily dose in the mature spayed female produces 
the usual changes of heat and of proestrum (31). Brief microscopical bleed¬ 
ing follows ovariectomy in metestrum, after an interval of 7 to 16 days, and 
the injection of 1,100 R.U. or more of estrogens into spayed females produces 
macroscopic bleeding from an endometrium resembling that of proestrum 
(32). This reaction occurs in the absence of the pituitary and is therefore 
probably a direct one upon the uterus (33). 

Since cornification of the vagina has been produced by the injection of 
estrogens during anestrum without vulval swelling or proesirous bleeding, 
it probably has a much lower threshold dose than these other changes (:54). 

Glandular growth in the uterus may be induced by the injection of 3 to 
5 Rab.U. daily of progesterone for 5 to 6 days (31). Ovariectomy during 
pregnancy is followed by reabsorption of the embryos or by abortion. How¬ 
ever, none of the operations were performed during the second half of 
the period (12). Hypophysectomy at 5 to 7 weeks produces the same 
effect (35). 

The injection of 100 M.U. of gonadotrophic hormone during anestrum 
produces heat and ovulation (36). 
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THE MALE 

The amount of semen ejaculated varies with the breed or, more accurately, 
with the size of the dog. In the Pekingese it amounts to 3.6 ml., while in 
large breeds like the boxer, great Dane, and mastiff it may amount to 36 ml. 

(37) . In the beagle it may be from 4 to 7 ml. It is ejaculated in three waves 

(38) , about 10 per cent in the first, which does not contain spermatozoa, 

20 per cent in the second which contains most, if not all, the spermatozoa, 
and the rest in a final fraction which is prostatic in origin and does not 
contain spermatozoa. The second fraction is more viscid than the others. In 
view of the fact that the dog possesses no vesiculae seminales the amount 
of ejaculate is large. The pH of the prostatic fraction is 7.2, compared 
with 6.75 for the second (3c), 40). Another account gives 6.3 zt .23 for the 
sperm fraction and 6.8 ±; .33 for the prostatic fraction (41). The number 
of spermatozoa varies from 69 to 1,726 million per ejaculate or from 88 to 
588 million per ml. (42). The length of a spermatozoon is 55.3 /a; the head 
measures 5.6 /x; the neck i fi; the midpiece and tail 50 (37). The total 

length of seminiferous tubules has been variously reported as 150 meters (43) 
and 552 meters (44). Doubtless it varies with the size of the dog. 

By the uterine fistula method it has been found that spermatozoa are at 
the uterine entrance to the oviducts 25 seconds after ejaculation (45). Copu¬ 
lation is a somewhat prolonged process and spermatozoa have been found 
throughout the oviduct 20 minutes after it began (2). They are able to live 
in the female tract for 48 ±: 12 hours (2). 

The ejaculate of the dog does not coagulate, and it has been found to con¬ 
tain a fibrinogenase which destroys the clotting power of blood plasma (46). 
The total reducing substances, as hexose, in the semen is 20.5 mg. per 100 ml., 
and the total protein 3,000 mg. (47). The urethral glands produce less than 
2 per cent of the amount of fluid secreted by the prostate. After castration 
the latter gland ceases to secrete in 7 to 23 days (48). 

The injection of 50 I.U. of androgen daily in i-month-old puppies causes 
growth of the accessory organs, mostly in the prostate and ductus deferens 

(49)- 
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Cams latrans Say 
NORTHERN COYOTE 


The common coyote of North America experiences one breeding season 
a year (i), and the age of puberty is usually 2 years. In one case bleeding 
from the vagina was first noted December ii; it became more rapid and 
brighter on January 19, but attempts by the male to mount were rejected. 
On February 6 the vulva began to swell; it reached its maximum develop¬ 
ment by the eighth. The female allowed coitus for the first time on February 
24, and on February 27. This suggests a long proestrum and a heat period 
lasting about 4 days (2). Normally the female sexual season begins in Febru¬ 
ary and ends in April. The testes begin to show activity in November. In 
January spermatozoa are present and the epididymis is enlarging. The testes 
gradually recede from March onward, and by the end of May there are 
no spermatozoa. The time of minimal activity is reached in November (i). 

The average number of embryos is 6.23 (1,330 cases), and the average num¬ 
ber of den young is 5.70 (1,582 cases) (i). The period of gestation is 60 to 65 
days (i, 2). Another scries of embryo counts gave a mean of 6.66 ± .11 (3). 

1. Hamlett, G. W. D. United States Dept. Agric., Tech. Bull. 616, 1938. 

2. Whiteman, E. E. JM., 21: 435-438, 1940. 

3. Bailey, V. NAF., 55, 1936. 


Canis lupus L. 
WOLF 


The wolf mates late in January to the beginning of March, or later if 
the weather is unusually cold (i). The litters are born in March to June after 
a gestation of 60 to 63 days (2). The litter size varies from r to 13 (3). In 
the London zoo the number has been from i to 7, mean and mode 4 (4). 
This seems to be the usual number (5). Puberty is reached at 2 years old (6). 

1. Seton, H. T. Life Histories of Northern Animals. New York, 1909, 

2. Brown, C. E. JM., 17: 10-13, ^ 93 ^- 
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3. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schutzwaldzone. Berlin, 1956. 

4. Zuckcrman, S. PZS., 122: 827-950, 1952-3. 

5. Sutton, G. M., and W. J. Hamilton, Jr. Mem. Carnegie Mus., 12(2): i-iii, 1932. 

6. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

Canis aureus L. This Asiatic jackal breeds in January and February (i). 
The number of young varies from 2 to 6, mode 5, and mean 4 (2). The 
gestation period is 60 to 63 days (3). 

C. azarae Wied. This South American jackal breeds in winter (4). In 
the London zoo litters of i and 4 young have been born in May and June 
(2). 

C mexicanus L. This wolf breeds at 2 years old. The young are born in 
March and usually number 6 to 10 (4). 

C. (Thus) adustiis Sundevall. The side-striped jackal gives birth to 3 to 7 
young in the winter after a gestation of 57 to 60 days (5). Three to 6 is 
probably the usual number (6). 

C, (T.) mesomelas Schreber. The black-backed jackal has 2 to 6 young, 
usually 3 or 4 (7), or 6 or 7 (6), born in November or December in South 
West Africa (7). In the London zoo young have been born in March and 
April (2). 

1. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schiitzwaklzone. Berlin, 1956. 

2. Zuckcrman, S. PZS., 122: 827-950, 1952-3. 

3. Phillips, W. W. A. Ceylon J. Sci., 13B: 143-183, 1924. 

4. Bailey, V. NAP., 49, 1926. 

5. Haagncr, A. K. South African Mammals. I.ondon, 1920. 

6. Roberts, A. The Mammals of Soiiih Africa. Cape Town, 1951. 

7. Wilhelm, J. H. J. South West Africa Sci. Soc., 6: 51-74, 1933. 


Alopex la go pus L. 
ARCTIC FOX 


The males reach puberty at age 10 months. Spermatogenesis begins in 
January and mature spermatozoa may be found in the epididymis in March 
and until after the end of July. Large follicles can be found in the ovaries 
from February and March. 1 he corpora lutca arc well developed until the 
beginning of August. Mating begins in Siberia at the end of April or early 
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in May (i). On Southampton Island mating begins in March or April (2). 
Two types of fox have been recognized in Greenland, a coast fox with a 
small litter and a lemming fox with a large litter (3). For the coast type 
one report gives a range from i to 10, mean 6.4 ±: .3, mode 6 to 7 (4). 
Embryo counts up to 21 have been given for the lemming fox (3). The 
gestation period has been given as 52 days (4), and as 60 days (5). The 
minimal weight of functioning testes is 2.6 g. (i). On the Adelaide Penin¬ 
sula the young are born in June (6). 

1. Sokolov, N. N. ZZ., 36: 1076-1083, 1957. 

2. Sutton, G. M., and W. J. Hamilton, Jr. Mem. Carnegie Miis., 12(2): i-iii, i 93 -* 

3. Braestrup, F. W. Meddcl. om Grdnland, 131(4): i-ioi, 1941. 

4. Barabash-Nikiforov, I. JM., 19: 423-429, 1938. 

5. Rand, A. L. Canada Nat. Mus., Bull. 100, 1945. 

6. Macpherson, A. H., and J. H. Manning. Canada Nat. Mus., Bull. 161, 1959. 


Vulpes jtilva Desmarest 
RED FOX, SILVER FOX 


The specific name, Vulpes jidva, is taken to include most domesticated 
foxes, and it probably should include several wild varieties, such as F. regahs 
Merriam and V. macroura Baird, which have sometimes been described as 
subspecies. 

The fox is monestrous, with one season a year, from December to March 
with most matings in late January and February, though the blue fox is said 
to be somewhat later than the silver fox, i.e., from February to March (i). 
Foxes breed in the first year following their birth (2). Three-year-olds breed 
an average of 3J/2 days earlier than 2-ycar-olds and older vixens 6^2 days 
earlier (3). In New York State wild red foxes breed from mid-December 
to the end of March. Of these, 76 per cent had mated from mid-January to 
mid-February. Proestrum and estrus lasts 12 to 14 days, and during this 
time there is some swelling and whiteness of the vulva. Sexual receptivity 
lasts for 2 to 4 days (5). Fifty-three per cent of matings occur between 5 a.m. 
and TO A.M., and 20 per cent from 10 a.m. to i p.m. ( 6 ). Ovulation is spon¬ 
taneous, and it occurs most frequently on day 1 or early on day 2 of sexual 
receptivity. The effects of mating on specific days upon the chance of 
pregnancy and upon litter size arc given (7): 
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Percentage of 

Average 


pregnancies 

litter size 

Mating on day i 

54 


Mating on day 2 

96 

3.98 

Mating on day 3 

86 

3-79 


It has also been stated that mating on the first day of vaginal cornification 
produces significantly larger litters than matings either before or after this 
day (8). 

There is no bleeding during proestrum, which is, therefore, not well de¬ 
fined. If pregnancy does not result from mating, or if the female is not 
mated, she becomes pseudopregnant, denoting a fairly long life for the 
corpus luteum (2, 9). 

The mean litter size is 4.52 ih .03, with a distribution of 1 to 8, mode 
4 to 5, and standard deviation, 1.35 (2). On Gerrhan fox farms the average 
was 3.94 ± .03 (10). The litter size rises steadily to 5 to 7 years of age, from 
an initial level of 4.34 to 4.84, and litters born early in the season tend to be 
larger than those born later (2). The sex proportion taken during the first 
week or so after birth was 52.93 ±: i.oo per cent males (2). The length of 
gestation is from 49 to 55 days, with a pronounced mode at 52 days in all 
the data. Means are 51.99 ±: 0.036 (2), 52.74 (8), 52.07 (11), and 52.12 ± .006 
(6). There is a slight tendency for small litters to have a longer gestation (2). 
The mean litter size of wild foxes in New York State, on the basis of embryo 
counts and placental sites, was 5.4 (4). In Michigan the actual litter size 
increased from north to south, rising from 4.6 ±: .07 to 5.5 ± .09 as one 
proceeded south (12). 


HISTOLOGY AND PHYSIOLOGY OF THE FEMALE TRACT 

The fox resembles the dog in that the first polar body is not extruded from 
the egg until after ovulation. Accordingly, fertilization does not occur until 
at least one day after ovulation (13). At 2 to 3 days before acceptance of 
the male the largest follicles are 4 mm. in diameter. The granulosa is thin 
and is folded in the manner found in the ripe follicle of the dog. At first 
acceptance the follicle measures 7 mm. in diameter. The ovum measures 
104 X 76 /A. Fertilization takes place in the middle section of the oviduct (14). 
Distribution between the uterine horns is even (15). 

The vaginal smear always contains some epithelial cells, and there is a 
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gradual increase in cornified cells during proestrum, with a maximum at day 
I of heat. On that day leucocytes are absent; then they appear and gradually 
increase in numbers (i6). 

The pH of the vaginal secretions in early proestrum is 6.3, and during 
heat it is 7.9 (5), an unusual reversal. 

Vixens may be brought in heat in September and October by the injection 
of 250 to 340 M.U. of prolan (pregnancy urine extract), judging by the vul¬ 
val swelling and vaginal smears (17). However, heat is only induced by this 
means late in anestrum when the follicles are in the antrum stage. Ovulation 
is rarely induced (j 8). Other results have not been promising as it is said 
that single doses of gonadotrophe will not induce heat and that repeated 
doses are harmful to the ovaries (19). 


THE MALE 

The testes retrogress and spermatogenesis ceases during the anestrous 
period. Spermatogenesis begins in November, and the male is fertile 8 to 
TO weeks before the breeding season begins. In their first season, in England, 
spermatogenesis in young foxes is complete by the end of November (20, 21). 
The left testis is the longer and heavier, and the right is broader and thicker. 
The sperm head measures 8 X 5 /a, and the entire length is 60 /x (21). Ac¬ 
cording to one report, in the United States spermatozoa can be found at all 
seasons, but outside the breeding season most tubules arc inactive (22). Dur¬ 
ing January there is a marked development of the prostate gland, which in¬ 
creases from 0.5 cc. to 5 to 6 cc. in volume. In young males the development 
of the testes and accessories lags 2 weeks behind that in mature males (23). 

In mature males the average ejaculation is 6 cc., with a range from o.i to 
33 cc. The concentration of spermatozcja is 55 X 10^' per cc. (5), and the pH 
of the semen is 6.2 to 6.4 (23). 

Mating usually lasts 15 to 25 minutes, and spermatozoa may be found in 
the oviduct within 8 minutes after unlocking. Artificial insemination into 
the vagina is unsuccessful, and it is impossible to deposit semen in the cervix 
because of the minute curved passage in the spongy papilla (8). 

In October the basophil cells in the anterior pituitary increase in numbers, 
reaching 28 per cent by December; they begin to recede in February until 
they are lowest, to to 14 per cent in April. The chromophobes exhibit the re¬ 
verse trend. Eosinophils are low, 23 per cent, at the end of November; then 
they rise through the mating season (24). 
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Vulpes viilpes L. 
ENGLISH RED FOX 


The English red fox, like Vulpes fidva, is monestrous, with the mating 
season at the end of January. It breeds first at about 10 months of age. Ovula¬ 
tion is spontaneous (i). In Rusia the rutting season follows the latitude. 
In the Ukraine it begins early in January, in middle Russia in February, 
and in the north not until the end of March or the beginning of April. 
Some adults may be found to be pregnant from February to July, but most 
in March, April, and May. A very few may also be found pregnant in No¬ 
vember and December (2). There are few or no vulval signs of ap)proaching 
heat, and no premature follicular growth during anestrum. The ovum meas¬ 
ures no X 125 p.. The unmated vixen passes into pseudopregnancy after she 
has been in heat. The litter size varies from 3 to 7, and corpus luteum counts 
in 6 vixens averaged 5.7 (r). In proestrum the vaginal epithelium is many- 



440 


MAMMALIAN REPRODUCTION 


layered, and the stroma of the uterus is dense and vascular. In pseudopreg¬ 
nancy the uterine stroma is not so dense; the glands are coiled, mainly at 
their bases, and their lumens are practically obliterated, as is also the uterine 
lumen. At the end of this period the surface epithelium of the uterus breaks 
down (i). The observed gestation period is 51 to 53 days (3). 

1. Rowlands, I. W., and A. S. Parkes. PZS., 823-841, 1935. 

2. Bernard, I. Saugcticrk. Mitt., 7: 110-113, 1959. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

Vulpes bengalensis Shaw. The Indian fox mates from November to Janu¬ 
ary and has 4 young, born from February to April (i). 

F. chama A. Smith. The young of this African fox are born in August 
and September (2), after a gestation of probably 7 to 8 weeks (3). 

F. cor sac L. The steppe fox mates in February, and from 2 to 6 young are 
born in March or April after a gestation of 50 to 60 days (4). 

F. velox Say. The kit fox has 4 or 5 young (5). In Mexico birth takes place 
usually in February, with litters ranging from i to 7 (6). 

1. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

2. Shortriclge, G. C. The Mammals of South West Africa. London, 1934. 

3. Roberts, A. The Mammals of South Africa. Cape Town, 195r. 

4. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schutzwaldzonc. Berlin, 1956. 

5. Seton, W. T. Life Histories of Northern Animals. New York, 1909. 

6. Leopold, A. S. Wildlife of Mexico. The Game Birds and Mammals. Berkeley, 
Calif., 1957. 


Fennecus zerda Zimmermann 
FENNEC 


In the Sahara the young arc born in March or early April. In captivity 
a pair bred in April and a single young was born after a gestation of 51 
days (r). Another pair mated in April and gave birth to 2 young after a 
gestation of 50 days. They mated again 6 days later but had no young (2). 

1. Petter, F. Mammalia, 21: 307-309, 1957. 

2. Volf, J. Mammalia, 21: 454-455, 1957. 
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Urocyon drier oar genteus Schreber 
GRAY FOX 

The males of this fox produce spermatozoa from December until March 
and breeding begins late in December, with a peak late in January or early 
in February (i, 2). This was in southern Illinois, Georgia, and Florida. In 
New York State mating takes place from mid-January to mid-May, and 71 
per cent of adult females have mated by the last week of February to mid- 
March (3). In Alabama mating is most frequent from mid-February to the 
end of the month, although spermatozoa may be found in the testes from 
mid-November to the end of April (4). Of the young vixens, 92.3 per cent 
breed in their first season (2). The mean embryo count was 4.9 it .t, and a 
post-partum placental scar count gave 4.3 ±: .i (2). Combined embryo and 
placental scar counts in New York State gave 3.7 as the litter size (3). The 
largest litters were produced by the 3- to 4-year old females (2). The gesta¬ 
tion period is about 63 days (5). 

1. Layne, J. N. JWM., 22: 157-163, 1958. 

2. Wood, J. E. JM., 39: 74~86, 1958. 

3. Sheldon, W. G, JM., 30: 236-246, 1949. 

4. Sullivan, E. G. JM., 37: 346-351, 1956. 

5. Grinnell, J., J. S. Dixon, and J. M. Linsdale. Fur Bearing Mammals of California. 
Berkeley, Calif., 1937- 


'Nyctereutes procyonides Gray 
DOG RACCOON 


The mating season of this Asiatic species is from February to March; 
one litter a year is produced in April or May (i). Estrus lasts 6 to 8 days 
and is shown externally by swelling of the vulva and nipples (2). The gesta¬ 
tion period is usually given as 61 to 63 days, and the litter size varies from 
5 to 12, with 7 and 8 as the modal numbers (3). Two observed gestations 
lasted 59 and 79 days (i). 

1. Schneider, K. M. Zool. Anz., Suppl., 14: 373-387, 1950; 15: 271-285, 1951. 

2. Belter, M. Deutsche Pelztierzucht, 14: 85-86, 1939. 

3. wSchmidt, F. Deutsche Pelztierzucht, 12: 235-237, 1937. 
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Chrysocyon brachyurus Illiger 
MANED WOLF 


This South American wolf has 2 young to the litter (i). 

I. Miller, F. W. JM., ii: 10-22, 1930. 


SIMOCYONINAE 
Ction alpinus Pallas 
DHOLE 


This Indian dog breeds at all seasons, but the young are mostly born in 
January and February. It usually has 4 or 5 pups (1). In the London zoo 
young have been born in March, April, and November. Their number 
averaged 3.5. One observed gestation lasted 70 days (2). 

1. Brander, A. A. D. Wild Animals in Central India. London, 1923. 

2. Zuckerman, S, PZS., 122: 827-950, 1952-3. 


Lycaon pictus Temminck 
CAPE HUNTING DOG 


This dog has no fixed season, but spring and fall, especially the month of 
April, are the most likely times for the young to be born. The number varies 
from 2 to 6 (i). In Northern Rhodesia the litters are born from May to July 
(2). A female in the Naples zoo came in heat in October and had 5 young 
after a gestation that lasted from 60 to 63 days. The heat period lasted 
for 9 days (3). 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. Anscll, W. F. H. PZS., 134: 251-274, i960. 

3. Cuneo, F. Personal communication, 1954. 
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OTOCYONINAE 
Otocyon megalotis Desmarest 
BIG-EARED FOX 


The young of this fox are born in November (i) or December and April 
(2). They are usually 3 to 5 in number, born after a gestation of probably 
60 to 70 days (3). 

1. Shortridge, G. C. The Mammals of Soudi West Africa. London, 1934. 

2. Wilhelm, J. H. J. South West Africa Sci. Soc., 6: 51-74, 1933. 

3. Roberts, A. The Mammals of South Africa. Cape Town, 1951. 


URSIDAE 

Selenarctos thibctaniis Cuvier 
ASIATIC BLACK BEAR 


This bear probably mates in the autumn and the young, usually 2, are 
born in the spring (i). A January cub has been reported in the Cleveland 
zoo (2). 

1. Lydekker, R. The Game Animals of India, Burma, Malaya and Tibet. London, 
1924. 

2. Rculher, R. T. JM., 42: 427-428, 1961. 


Urstis americaniis Pallas 
BLACK BEAR 


The black bear of North America mates in June or early July. Implanta¬ 
tion is probably in November, and the young are born, very immature, late 
in January and early in February. The time of ovulation is not known; 
hence, instead of delayed implantation, this may be a case of delayed ovula- 
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tion (i). Puberty is reached at about 3 years of age, gestation from the time 
of coitus is about 7 months, and the number of young born is i to 4, but 
usually 2 to 3 (2). 

1. Hamictt, G. W. D. Quart. Rev. Biol., 10: 432-447, 1935. 

2. Grinncll, J., J. S. Dixon, and J. M. Linsdalc. Fur Bearing Mammals of California. 
Berkeley, Calif., 1937. 


Ursus arctos L. 

EUROPEAN BROWN BEAR 


The common brown bear of the Old World reaches puberty at 6 years and 
remains fertile until its thirtieth year. Mating is in April-June, and the period 
of gestation is about 7 months (i). The young are born from December to 
January, depending on the locality, and it is believed that delayed implanta¬ 
tion is the rule (2). In the Himalayas the mating season is said to be from 
the end of September to November, and the young, usually 2, or i with young 
females, are born in April or May (3). In the London zoo the cubs have been 
born from December to February, most of them in January (4). In the 
Augsburg zoo a pair has been observed mating at intervals of 30, 24, and t 8 
days. On each occasion heat lasted for 2 to 3 days (5). Another report 
describes a breeding season from April to June and a second minor one that 
does not produce pregnancies from June to August (6). Seventeen gesta¬ 
tions were spread evenly in length from 151 to 177 days. The mean length 
was 164.6 days and the mean litter size was 2.3, usually 3, and range 
I to 4 (7). 

1. Popoff, N. Compt. Rend. Assn. Anat., 29: 471-484, 1934. 

2. Hamlett, G. W. D. Quart. Rev. Biol., 10: 432-447, 1935. 

3. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

4. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

5. Steinbacher, G. Saugetierk. Mitt., 6: 27-28, 1958. 

6. Prell, H. Biol. Zent., 50: 257-271, 1930. 

7. Lindemann, W. Saugetierk. Mitt., 2: 1-8, 1954. 

Ursus horribilis Ord. The grizzly bear breeds in June or July and the 
young, I to 4, but usually 2, are born in January after a gestation that has 
lasted for 6^4 to 7 months. Delayed implantation is probable (i). For 
[/. h, gyas 8 breeding seasons were in May and June and 3 gestations were 
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216, 245, and 258 days long (2). The age of puberty has been given as 4 to 
5 years old (3). 

U, mtddendorfi Merriam. The testis weight is given as 32.0 g., and the 
length of the seminiferous tubules as 901 m. The spermatozoon was 30.7 /a 
long (4). 

Z 7 . ornatus Cuvier. A set of cubs was born in July after a gestation of 8.5 
months (5). 

1. Hamlett, G. W. D. Quart. Rev. liiol., to: 432-447, 1935. 

2. Svihla, A. The Murrelet, 30: 53-54, 1949. 

3. Leopold, A. S. Wildlife of Mexico. The Game Birds and Mammals. Berkeley, 
Calif., 1959. 

4. Knepp, T. H. Proc. Pennsylvania Acad. Sci., 13: 58-62, 1939. 

5. Saporiti, E. J. Ann. Soc. Cient. Argentina, 147: 3-12, 1949. 


Thalarctos maritimus Phipps 
POLAR BEAR 


The polar bear mates in midsummer and the young are born in mid¬ 
winter. A summary of 118 births showed that they were all between No¬ 
vember 9 and the end of December, with most from November 23 to De¬ 
cember 15 (i). In the London zoo 10 births all took place in November and 
December after a gestation of about 240 days. All but 2 (singles) were twin 
births (2). On Southampton Island January is the usual month of birth, 
which is believed to occur every other year (3). In eastern Greenland the 
young arc born in March, and in western Greenland in April (4). The 
number of young is usually 2, but 3 and 4 have been known (3). Delayed 
implantation is believed to occur (5). The weight of a testis was 31.7 g., 
and the length of the seminiferous tubules, 2,635 (^)- 

1. Dittrich, L. Saugetierk. Mitt., 9: 12-14, 1961. 

2. Zuckerman, S. JZS., 122: 827-950, 1952-3. 

3. Sutton, G. M., and W. J. Hamilton, fr. Mem. Carnegie Mu.s., 12(2): i-iii, 1932. 

4. Erdbrink, D. P. A Review of Fossil and Recent Bears of tlie Old World. Deventer, 

1953 - 

5. Hamlett, G. W. D. Quart. Rev. Biol., 10: 43 ^- 447 ^ i935- 

6. Knepp, T. H. Zoologica, 24: 329-332, 1939. 
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Helarctos malayana Raffles 
SUN BEAR 


In the Cleveland zoo a single cub has been born in September (i). 

I. Reuther, R. T. JM., 42: 427-8, 1961. 


Melursus ursinus Shaw 
SLOTH BEAR 


This species has no set breeding season but mates usually in the first half 
of the year; it has usually 2, but sometimes i, cubs after a gestation of about 
7 months (i). 

I. Phillips, W. W. A. Ceylon J. Sci., 13B: 143-183, 1924-6. 


PROCYONIDAE 

PROCYONINAE 

Bassariscus 

RING-TAILED CAT 


Bassariscus astutus Lichtenstein. This cat breeds in April or earlier (i). 
The young are born in May or June (2). The number of young is usually 
3 or 4 (i). 

B, sumichrasti Saussure. The cacomistle breeds in January and has a litter 
of 2 to 4 young (3). In Mexico parturition is usually in March (4). 

1. Taylor, W. P. JM., 35: 55-63, 1954. 

2. Grinnell, J., J. S. Dixon, and J. M. Linsdalc. Fur Bearing Mammals of California. 
Berkeley, Calif., 1937. 

3. Hall, E. R., and K. R. Kelson. The Mammals of North America. New York, 1959. 

4. Gaumcr, G. F. Mamiferos de Yucatan. Mexico City, 1917. 
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Procyon lotor L. 
RACCOON 


The male raccoon is not fertile until he is about 2 years old (i), at which 
time he weighs about 15 lb. (2). The females breed at 10 months, and 
during their first year about half of them conceive (i). Weight is not a good 
criterion of breeding condition in the female (2). In southern Illinois males 
were in full breeding condition in November (3). In southern Iowa some 
sign of sexual activity is apparent in the adult males in November and De¬ 
cember, but they are not fully active until January. No juvenile males show 
any sign of activity in November or December (4). Mating is in early Febru¬ 
ary to early March, though there may be another heat later in the season (t). 
In New England mating begins in the last half of January and there may 
be a later season for some females, as some are born in August (5). The fe¬ 
male is receptive at i to 2 weeks after the onset of vulval swelling and she 
remains in heat for 3 days. The average gestation period is 63 days (i). The 
litter size is from i to 6, average 3.5 zb .2, mode of 3 and 4 (6). In Florida 
the season is more extended; births occur from April to early October, though 
half of them take place in May, and the embryo number averages 3.2 .2 (7). 

In the southern Iowa data, which extend over several years, placental scars 
gave an average of 3.7, range i to 8, and mode 3 and 4 (4). 

At the time of heat the vulva is red and much swollen and, after heat is 
over, it takes 3 to 4 weeks to regain its resting appearance (i). There is 
usually, but not always, a trace of blood in the vaginal smear for a few days, 
then a white or cream-colored discharge. Ovulation is induced by coitus 
and only one copulation is needed to cause it (8). Large follicles are present 
in the ovary in February (9). The placental scars do not persist for more than 
a year. When they are present they are visible from the outside of the uterus 
(2). The ova are capable of trans-utcrinc migration (10). 

If raccoons arc exposed to an increased length of light in the fall they 
will breed in December and may be induced to produce two litters in the 
year (6). 

1. Stuewer, F. W. JWM., 7; 60-73, 1943* 

2. Sanderson, G. C. JWM., 14: 389-402, 1950. 

3. Layne, J. N. AMN., 60: 219-254, 1958. 

4. Sanderson, G. C. Quart. Biol. Rpts., Iowa, 5(2): 8-21, 1953; 7(1): 18-24, i 955 - 

5. Whitney, L. F. JM., 12: 29-38, 1931. 



448 


MAMMALIAN REPRODUCTION 


6. Bissonnette, T. H., and A. G. Csech. PRS., 122B: 246-254, 1937. 

7. McKcevcr, S. JWM., 22: 211, 1958. 

8. Whitney, L. F., and A. B. Underwood. The Raccoon. Orange, Ct: 1952. 

9. Wood, J. E. JWM., 19: 409-410, 1955. 

10. Llewellyn, L. M., and R. K. Enders. JM., 35: 439, 1954. 

Procyon cancrivorus Cuvier. In the London zoo this raccoon has produced 
litters of 2 and 3 young in May (i). 

I. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Nasua narica L. 
COATI 


This South American species probably breeds in July. The young have 
been recorded in February, June (i), and July (2). In the London zoo 
young, usually 2, have been born in April, May, June, August, and Novem¬ 
ber, so the season may be more extended (3). The gestation period is 77 
days (4). 

1. Enders, R. K. HCMZ., 78: 385-502, 1935. 

2. Allen, J. A. AM., 22: 191-262, 1906. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

4. Brown, C. E. JM., 17: 10-13, 1936. 


Potos ftavus Schreber 
KINKAJOU 


The young are born from May to September (i). A single embryo has 
been recorded for April (2), and 2 young were born in the Milwaukee zoo 
in September (3). Two pregnant females, each with a single embryo, have 
been recorded in Mexico for the month of December (4). 

1. Davis, W. B., and P. W. Lukens. JM., 39: 347-367, 1958. 

2. Enders, R. K. HCMZ., 78: 385-502, 1935. 

3. Goodwin, G. G. AM., 87: 271-474, 1946. 

4. Alvarez del Toro, M. Los Animales Silvestres de Chiapas. Tuxtla Gutierrez, 
Mexico, 1952. 
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AILURINAE 
Ailurus fulgcns Cuvier 
PANDA 


The panda gives birth to a single young in the spring (i); one record 
gives July (2). The gestation period lasts 90 days (3). In the London zoo 
three births, one a single and two sets of twins, have occurred in June (4). 
Another report gives 2 young, born in the spring (5). 

1. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

2. Bentham, T. Rec. Indian Mus., 2: 304, 1908-9. 

3. Pocock, R. I. Fauna of British India. Mammals. London, 1939-41. 

4. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

5. Jerdon, T. C. The Mammals of India. Roorkee, India, 1867. 


Ailuropoda melanoleuca David 
GIANT PANDA 


This panda mates early in the spring and the young are born in January 
(1). Usually I young is born, but sometimes 2 (2). 

1. Sheldon, W. G. JM., 18: 13-19, 1937. 

2. Pocock, R. I. Fauna of British India. Mammals. London, 1939-41. 


MUSTELIDAE 

MUSTELINAE 
Mu stela erminca L. 
STOAT, ERMINE 


The European stoat or ermine comes in heat during the season after its 
birth, i.e., at age i year. The periods begin in May or June, and ovulation 



450 


MAMMALIAN REPRODUCTION 


is spontaneous. They continue at intervals of not less than a month, but 
young stoats do not become pregnant until the following year. Pregnant 
females are found only in March and April. They come in heat and ovulate 
but do not become pregnant during lactation. Further ovulations and in¬ 
fertile cycles continue later in the year. At these times 8 to lo follicles rupture, 
but the corpora lutea of these infertile cycles are much smaller than are those 
of pregnancy. The vulva swells during heat, but it docs not become as 
conspicuous as that of the ferret, and the vaginal epithelium cornifies. The 
average number of embryos is 9, with a range of 6 to 13. The male is sexually 
mature at i year. There is a rapid enlargement of the testes to 13 times their 
former weight from February to March, but retrogression sets in from July 
onward, and no spermatozoa can be found by October (i). 

Birth is in April and an observed pregnancy lasted for 10 months (2). The 
fertilized ova develop for 2 months and then remain latent until January or 
February when they implant. Birth takes place from March on (3). The 
corpus luteum begins to develop in February, but in some stoats that con¬ 
ceive early in the spring its development is not arrested and implantation 
is immediate (4), with an 8- or 9-week pregnancy (5). In New Zealand in¬ 
troductions have done well and the young arc born at practically any time 
of the year. The litter size is usually 4 to 6, but may be as high as 9 or 10 (6). 
Probably this species is very sensitive to changes in day length so that its 
behavior differs in the various environments. The American subspecies, M. e, 
cicognanii, comes in heat in the early summer (7) and the young are born 
between mid-April and early May. The testes begin their growth in P'ebruary 
or March (8). The Southampton Island subspecies, M. e, arctica, has its 
young in June (9). 

1. Deanesly, R. TRS., 225R: 459-492, 1935. 

2. Grigorjev, N. D. ZZ., 17: 811-814, 1938. 

3. Lavrov, N. P. Trud. Cent. Lab. Biol. Ohot. Prom., 6: 124-150, 1944. 

4. Watzka, M, Zeit. Anat. Entw. Ges., 114: 366-374, 1949. 

5. Watzka, M. Zeit. Mikros. Anat. Forsch., 48: 359-374, 1948. 

6. Wodzicki, K. A. New Zealand DSIR, Bull. 98, 1950. 

7. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

8. Knight, P. L. J. Exp. Zool., 91: 103-110, 1942. 

9. Sutton, G. M., and W. J. Hamilton, Jr, Mem. Carnegie Mus., 12(2): i-iii, 1932. 
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Mustela frenata Lichtenstein 
LARGE BROWN WEASEL 


The testes enlarge in March and are active by April or May. Most matings 
occur in July and August; then the testes begin to decline in August and 
quickly regress in September (i). At the onset of heat the vulva is markedly 
swollen. If she is bred the female remains receptive for 3 or 4 days; other¬ 
wise she remains in heat for several weeks. Coitus-induced ovulation is sug¬ 
gested by this pattern. Delayed implantation is usual. For 19 litters born in 
captivity gestation averaged 279 days. Lactation continues for about 5 weeks 
and the females come in heat immediately after their litters have been weaned 
(2). The litter size is from 4 to 8 (3). 

The second polar division of the ova takes place at 74V2 hours after the 
beginning of the first period of copulation. Morulae are found in the extreme 
lower end of the oviduct at 11 days and early blastocysts in the upper uterus 
at 15 days. At 251 days, or 27 days before birth, activated but unimplanted 
blastocysts may be found. The rate of cleavage and of travel through the 
oviduct is definitely slower than in the ferret and probably slower than in the 
mink (4). 

1. Wright, P. L. JM., 28: 343-352, 1947 - 

2. Wright, P. L. AMN., 39: 338-344, 1948. 

3. Hamilton, Jr., W. J. Fhc Mammals of Eastern United States. Ithaca, N.Y., 1943. 

4. Wright, P. L. AR., 100: 593-607, 1948. 


Mustela nivalis L. 
EUROPEAN WEASEL 


In the male weasel there are no vesiculae seminales and no obvious 
prostate. The testes descend to the scrotum at an early age and remain there 
throughout life. The male is sexually mature when 4 months old, i.e., in 
August, as hirth is in April. By December the testes are quiescent in young 
weasels, but adults have no spermatozoa by the end of October, though 
spermatocytes are present at all times. The interstitial cells increase to twice 
their former diameter during the breeding season, and the accessory organs 
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change in harmony with them (i). Since the reported periods of gestation 
are most variable, delayed implantation may be suspected. In Morocco it is 
believed to be about loo days, after which 3 to 8, more usually 4 to 6, young 
are born (2). In Europe the mating time begins in March and the gestation 
period is probably about 7 weeks (3). 

T. Hill, M. PZwS., 109B: 481-512, 1939. 

2. Panouse, J. B. Trav. dc I’lnst. Cherifien, Ser. Zool., 5, 1957. 

3. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetierc in der 
Schutzwaldzone. Berlin, 1956. 


Mtistela piitorius L. 

STOAT, POLECAT 


This common European stoat has one litter a year, in March or April, 
followed by mating and ovulation. Implantation is delayed and pregnancy 
lasts for 9 or 10 months (t). In New Zealand, where the species has been 
introduced, the females give birth to their young throughout the year, but 
mostly from October to January. They number 5 to 9, but may be as many 
as 12 (2). The subspecies, M, p, eversmanni, breeds in March, and the gesta¬ 
tion period is said to last from 40 to 42 days (3). 

1. Deancsly, R. Nature, 151: 365-366, 1943. 

2. Wodzicki, K. A. New Zealand DSIR, Bull. 98, 1950. 

3. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schutzwaldzone. Berlin, 1956. 


Mu stela put or his furo L. 
FERRET 


The ferret has a limited breeding season, from March or April until 
August, and can have 2 or 3 litters during the year (i). Ferrets transported 
from England to the Southern Hemisphere bred in October, immediately 
upon their arrival in Pretoria. In Kenya, almost on the Equator, they ex¬ 
perienced heat at the normal time for Great Britain. Afterwards some came 
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in heat twice in the year, others at any time (2). Much work has been done 
upon the effects of varying the length and intensity of light in this species, 
and it is summarized later in the section on physiology. In the absence of the 
male the female may remain in heat for a long time, e.g., from April to 
August. 

Ovulation is induced by coitus, and it occurs about 30 hours afterward (3). 
Pseudopregnancy lasts for 5V2 to 6 weeks. It is followed by a new heat if it 
terminates early enough in the season. There is no heat during lactation, 
but, if the young are removed, heat ensues 7 to 10 days later (4, 5). Proestrum 
is somewhat slow in developing at the beginning of the season. It is char¬ 
acterized by a marked swelling of the vulva, which takes about 2 to 3 weeks 
to reach its full development. This development is maintained throughout 
heat, and the vulva at this time is about 50 times the anestrous size. It de¬ 
clines gradually after coitus (4). 

The average duration of coitus is about 2 hours (range J 4 to 3 hours). 
For 36 hours afterwards the vulva remains turgid but it becomes flaccid by 
about 60 hours. The ovum remains capable of fertilization for not more 
than 30 hours; from 18 to 30 hours after ovulation only a small proportion 
are capable of being fertilized, and small litters are produced from matings 
made at this time (3). 

The mean litter size is 8.5 ± .3, with a range from 5 to 13, and the duration 
of gestation is 42 days from mating with practically no variation (4), 


HISTOLOGY OF THE FEMALE TRACT 

OVARY. During anestrum the ovary contains only small follicles, but 
during proestrum these grow at a rate corresponding to that of the vulva. 
The maximum size of the ripe follicle is about 1.4 mm. The fully formed 
corpus luteum measures about 2 mm., and during pregnancy or pseudo- 
pregnancy the ovaries consist almost entirely of luteal tissue. The corpora 
lutea persist throughout pregnancy and degenerate rapidly at its end. There 
is no corpus luteum of lactation. The ovary contains much interstitial tissue, 
but it is not so abundant as it is in the rabbit (4). 

VAGINA. The vaginal epithelium just after the end of the breeding sea¬ 
son consists of 2 to 3 layers of low-columnar epithelial cells. Just before the 
beginning of the season the epithelium grows and cornifies to some extent, 
while the connective tissue is compact. In proestrum several squamous layers 
of epithelium develop with some cornification. This is at the time that the 
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vulval swelling begins. In heat the epithelium is thicker, and there is much 
cornification. The connective tissue is very spongy, and it has many elastic 
fibers embedded in it. In pseudopregnancy the epithelium is stratified high- 
columnar. Few cornified cells remain, and the surface is rough. The con¬ 
nective tissue remains spongy. At the end of pseudopregnancy the appearance 
is similar except that many lymphocytes are present (6). When cornification 
sets in, it begins in the upper part of the vagina and progresses toward the 
vulva. Growth is most active during early heat, and there is no sudden 
appearance of leucocytes at its end (7). There is no true cornified stage in 
the vaginal smear (5). 

UTERUS. In anestrum the endometrium is thin, with com[)act, un¬ 
developed glands, while the epithelium is low-cubical. In procstrum cell 
divisions are abundant. Congestion is marked, and there may be some ex¬ 
travasation of blood, which passes through lacunae in the epithelial layer 
into the lumen. There is some suggestion, however, that this occurs only in 
the heat period soon after parturition. During heat the glands have large 
lumens and are secreting. The glandular cells are large, and those of the 
epithelium are tall-columnar. The mucosal layer is somewhat folded. In 
pseudopregnancy there is a great development of the glands with the re¬ 
sult that the endometrium becomes lacelike, resembling the condition in 
the rabbit. At the height of this condition giant cells tend to form in the 
crypts of the glands. Degeneration, indicated by the sloughing ofif of cells 
and accumulation of debris, begins at about 5’/^ weeks of pseudopreg- 
nancy (i, 4). 


PHYSIOLOGY OF THE FEMALE TRACT 

If ferrets receive illumination during the evenings beginning October 12, 
most females come in heat in December, 3 months earlier than usual, and 
they may become pregnant (8). This response is limited to a band in the 
spectrum extending from red A 6,500 to A 3,650 in the near ultraviolet. Within 
this range intensity is more important than the wave length. Females sub¬ 
jected to incomplete darkness did not come in heat at the proper time unless 
proestrum had already begun, in which case the usual changes followed (g). 
The degree of acceleration is related to the intensity of light (10), and it is 
not produced if the optic nerves are cut (ii). However, intensity or duration 
of light is not wholly the explanation of emergence from anestrum, since 
females kept in darkness for 23^/^ hours each day from the end of January 
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mostly underwent the usual vulval development but took longer than 
usual (12). 

Ovulation may be induced in the unmated estrous ferret by the injection 
of a gonadotrophic preparation. The dose needed is about the same as that 
required to induce ovulation in the rabbit; hence, weight for weight, the 
ferret requires more than the rabbit (13). The considerable length of copula¬ 
tion in the normal course of events raises the question how soon sufficient 
stimulus has been given to cause the release of an adequate quantity of 
gonadotrophe from the pituitary. If coitus is interrupted after 15 to 20 min¬ 
utes ovulation follows in 90 per cent of cases, and it has been found that 
sexual excitement, i.c., the presence of the male with the female in heat, with¬ 
out coitus, occasionally produces ovulation. If hypophysectomy is performed 
1 % hours after the start of coitus, which lasted i % hours in these cases, ovula¬ 
tion is not usually interrupted, but if it is done within an hour of the start, 
following an interrupted coitus, ovulation does not occur. Sufficient gonado¬ 
trophe has not been released, therefore, within an hour of the beginning of 
copulation (14, 15). Hypophysectomy during anestrum causes but little 
further atrophy of the genitalia. The onset of new heat periods at the usual 
time is prevented by the operation, and increased light is without effect. 
Estrogens produce the usual effects upon the uterus and the vulva. The 
latter requires more than the uterus, which is also the case in normal anestrous 
ferrets (t6, 17). 

The injection of P.M.S. during anestrum causes the rapid development 
of quiescent follicles. With moderate doses the response is almost purely 
follicle-stimulating without ovulation or corpus-lutcum development. With 
larger amounts thecal luteinization follows the injections (18). 

Hysterectomy does not cause prolongation of the life of the corpora lutea, 
and it has no effect upon other reproductive phenomena (19). 

The fuchsinophil acidophils in the anterior pituitary are most numerous 
and widely distributed in early estrus. They are scanty or even lacking from 
November to January (20). 

If females become pregnant or pseudopregnant at the end of the usual 
breeding season, these conditions arc maintained and last the normal length 
of time, despite the fact that normally the female would be in anestrum (21). 


THE MALE 

In October the testis and epididymis arc at their lowest level. In November 
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and December their weights begin to rise to a peak, which is reached early 
in March. Their weights fall again rapidly in August. The weight of the 
penis follows a similar curve, but the individual variability is greater. There 
is no spermatogenesis in October, when the tubules are small, and only 
Sertoli cells and spermatogonia are present. Renewed activity begins in 
November; spermatocytes are found in December, spermatids in January, 
and spermatozoa at the beginning of February. Interstitial cells are largest 
in February and smallest in November (22). After hypophysectomy the 
testes retrogress to the ancstrous level within about a month (23). 

Immature ferrets kept on a “short-day” light regime reach puberty later 
than usual; a “long day” accelerates its onset, but this is followed by an 
early regression (24), even though the increased amount of light be con¬ 
tinued. The interstitial tissue of the testis is more sensitive than the spermato- 

genic; it is earlier to respond and later to regress (25). 

1. Marshall, F. H. A. QJMS., 48: 323-345, 1904. 

2. Bedford, Duke of, and F. H. A. Marshall. PRS., 130B: 396-399, 1942. 

3. Hammond, J., and A. Walton. J. Exp. Biol., ii: 307-319, 1934. 

4. Hammond, J., and F. H. A. Marshall. PRS., 105B: 607-629, 1930. 

5. Muir, E. Zeit. Zucht., 32B: 269-290, 385-408, 1935. 

6. Marshall, F. H. A. Quart. J, Exp. Physiol., 23: 131-135, 1933. 

7. Hamilton, W. J., and J. H. Gould. Trans. Roy. Soc. Edinburgh, 60: 87-106, 1940. 

8. Allanson, M., I. W. Rowlands, and A. S. Parkes. PRS., 115B: 410-421, I 934 ‘ 

9. Marshall, F. H. A., and F. P. Bowden. J. Exp. Biol., ii: 409-422, 1934. 
ro. Marshall, F. FI. A. J. Exp. Biol., 17: 139-146, 1940. 

11. Le Gros Clark, W. E., T. McKeown, and S. Zuckerman. PRS., 126B: 449-468, 

1939- 

12. Hill, M., and A. S. Parkes. PRvS., 115B: 14-17, 1934. 

13. McPhail, M. K. PRS., 114B: 124-128, 1933. 

14. Hill, M., and A. S. Parkes. PRS., ir2B: 153-158, 1932. 

15. McPhail, M. K. PRS., 114B: 124-128, 1933. 

t 6. Hill, M., and A. S. Parkes. PRS., 113B: 530-544, 1033. 

17. Parkes, A. S. PRS., 109B: 425-434, 1932. 

18. Rowlands, I. W. J. Physiol., 92: proc. 8, 1938. 

19. Deanesly, R., and A. S. Parkes. J. Physiol., 78: 80-84, 1933. 

20. Holmes, R. L. Nature, 183: 1521, 1959. 

21. Hammond, J., and A. Walton. J. Exp. Biol., ii: 320-325, 1934. 

22. Allanson, M. J. Physiol., 71: proc. 20, 1931. 

23. Hill, M., and A. S. Parkes. PRS., 112B: 146-152, 1932. 

24. Bissonnette, T. H. Biol. Bull., 68: 300-313, 1935. 

25. Bissonnette, T. H. J. Exp. Zook, 71: 341-373, I935- 



CARNIVORA AND PINNIPEDIA 


457 


Mustda vison Schreber 


MINK 


The North American mink is apparently polyestrous in the sense that 
several waves of follicles ripen. The breeding season begins in March and 
may continue for a month or more. Ovulation is coitus-induced and implanta¬ 
tion is sometimes slightly delayed. The gestation period is therefore somewhat 
variable; a range of 45 to 70 days has been reported. One litter a year is the 
rule. 

The mink breeds in the season following its birth, at about 10 months old. 
In the wild the young are born in April or May (i). Among ranch mink 
the breeding season begins about mid-March for the Quebec strain, and a 
slightly shorter season begins a week later for the Alaska (Yukon) strain. 
The duration of mating averages 64 minutes, with a slight mode at 31 to 60 
minutes. It becomes more prolonged as the season advances but its interrup¬ 
tion does not affect fertility. There is a tendency for females to repeat matings 
S or 9 days after the first. For once-mated Quebec mink the gestation period 
averaged 51.3 days (S.D., 5.4), and for the Alaska strain 49.0 days (S.D., 4.2). 
There is a slight tendency for shorter gestations with larger litters, but the 
difference is not more than a day. Gestations after matings made late in the 
season are about 2 days shorter (2). The modal pregnancy length was 48 
days, with a spread from 40 to 73 days. In this sample the mean was 49.7 lii .2 
days and the litter size averaged 4.4. The time from implantation to parturi¬ 
tion was 30 dr i days (3). The sex proportion at birth was 50.75 dr .47 per 
cent males. In stillborn mink and those that died shortly after birth it was 
56.6 ±: 3.5 per cent males (4). 

Ovulation takes place 42 to 50 hours after mating. The average number of 
ova shed was 4.9 per ovary, but it increased as the season progressed (3). 
A mating lasting 15 to 29 minutes is sufficient to produce ovulation. The 
spermatozoa take about 15 minutes to traverse the uterus, and 30 the oviduct 
(5). If coitus is not allowed, 4 or more cycles of overlapping degenerating 
and developing follicles may be found (3). A sterile copulation is followed by 
pseudopregnancy (6). Of each 100 ova shed 83.7 implant and 50.2 produce 
cubs (2). 



458 


MAMMALIAN REPRODUCTION 


HISTOLOGY OF THE FEMALE TRACT 

OVARY. The diameter of the ripe follicle is i.i mm., and of the ovum, 
100 IX. The egg is full-sized in follicles of 0.5 mm. and up. It is difficult 
to ascertain by gross examination of the ovaries whether ovulation has oc¬ 
curred. At 14 to 17 hours after mating capillaries in the theca interna rup¬ 
ture; by 30 hours the granulosa cells are proliferating. The stigma forms about 
36^^ hours after mating (2). A small papilla, Corinth red in color, pushes 
out from the avascular area while the rest of the follicle appears to be darker. 
After the follicle has ruptured the stigma becomes “brightish” red. The fol¬ 
licular fluid is very viscous and the corona cells persist round the ovum un¬ 
less it has been fertilized (3). Passage of the ova through the first half of the 
oviduct is rapid, but they remain in it for about 6 days (2). 

At first the corpus luteum measures 0.5 to 0.9 mm. in diameter, reaching 
1.3 mm. by the eleventh day. In early ovulators growth is slower than it is 
in later ones. At implantation, about day 2^ to 25, the diameter is 1.4 to 
1.8 mm. It continues to grow throughout pregnancy and early lactation. 
Development in pseudopregnancy resembles that observed in pregnancy. 
Unruptured follicles may become typical corpora lutea except for the en¬ 
closed ovum. They are functional, as they arc able to maintain pregnancy 
in the absence of suflicient normal corpora lutea (3). Interstitial tissue is 
abundant in the ovary (2). Before implantation the corpora lutea enter an 
inactive phase in which the cells are small, with dense and strongly baso¬ 
philic nuclei. 

VAGINA. In procstrum the vaginal smear shows an increase in squamous 
cells and cornification begins. Round cells increase up to the day before 
copulation and are present in the ratio of 10 round cells to i cornified cell. 
At estrus the round cells disappear and the cornified cells increase. After 
copulation there is a massive desquamation and leucocytes appear in the 
smear. Mucus is heavy and stringy in late February and early March; the 
females are reluctant to mate while it is in this condition. Later in March 
and early in April it becomes abundant and more fluid. The cornified stage 
coincides with large follicles in the ovary but, as these develop even when 
corpora lutea have formed, the smear is not clear-cut. At the time of heat the 
vulva increases in size but to a smaller degree than in the ferret and 
marten (3). 

UTERUS. As the breeding season approaches, the uterus elongates and its 
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walls thicken. All the embryos implant in the horns and trans-uterine mi¬ 
gration occurs. Ihe circular muscle is not well developed (3). 

OVIDUCT. The ovary is completely surrounded by a bursa except for 
a small slit, which is blocked by the fimbria so that fluid injected into the 
bursa does not escape. During or following coitus the bursa fills slowly with 
fluid. Immediately after a prolonged copulation about 5 ml. of fluid may be 
present. At ovulation the ovary floats in the fluid. The distention continues 
while the eggs are within the oviduct. The ova are fertilized within the 
fimbriated end, and not beyond the first loop of the oviduct. This organ 
enters the uterus somewhat obliquely at right angles to the cornu. A fold 
projects into a pocket formed by the uterine wall. Fluid may be forced from 
the uterus to the oviduct or in the reverse direction at any time in the cycle 
with very little pressure (3). 


PHYSIOLOGY OF THE FEMALE TRACT 

If the mink is remated after an interval of less than 5 days no new ovula¬ 
tion occurs, but a mating more than 5 days after the previous one is followed 
by a new ovulation. Apparently the new mating causes expulsion of the 
blastocysts that resulted from the first one (2). One corpus luteum is in¬ 
sufficient to maintain pregnancy with a single kit. Ovariectomy causes 
resorption of the kits or abortion. If one ovary is removed, compensatory 
hypertrophy of the remaining one follows (3). The females remain fecund 
until age 7 years or older (3). 


THE MALE 

The volume of ejaculate is small. The spermatozoa remain fertile for at 
least 4(S hours in the female tract. They reach the utero-tubal junction within 
15 minutes of the beginning of copulation (3). 

1. Bailey, V. NAF., 55, 1936. 

2. Hansson, A. Acta Zool., 28: ^ 947 - 

3. Enders, R. K. Proc. Am. Philos. Soc., 96: 691-755, 1952. 

4. Venge, O. Acta Zool., 34: 293-302, 1953. 

5. Johansson, 1 . Vara Piilsdjur., 3: 42-45, 1954. 

6. Anon. Am. Fur Breeder, 14(4): 6-14, 1941. 
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Mustela altaica Pallas. The alpine weasel probably has a second season, 
for one was found rearing young in September (i). The mating season is 
usually February and from i to 5 young are born in May (2). 

M. flavigula Boddaert. A female suckling 2 young was found in April (3). 
M, \athiac Hodgson. The yellow-bellied weasel of the Himalayas has been 
recorded with 2 young born in midwinter (i). 

M. lutreola L. This European mink begins to breed in February. From 
2 to 7 young are born after a gestation of 6 to 8 weeks (4). 

M. rtxosu Bangs. The least weasel has been recorded with young, number^ 
ing from 3 to 6, in October, January, and February (5). But there is a 
record of a female with 12 fetal young in June (6). 

M. sibtrica Pallas. This weasel mates early in the spring and has 4 to 10 
young after a gestation of about 30 days (4). In India it breeds in the sum¬ 
mer (i). 

1. Pocock, R. I. Fauna of British India. Mammals. London, 1039-41. 

2. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

3. Banks, E. J. Malay Br., Roy. Asiatic Soc., 9(2): 1-139, 1931- 

4. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schutzwaidzone. Berlin, 1956. 

5. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

6. Allen, J. A. AM., 19: 101-184, 1903. 


Vormela peregusna Giildenstaedt 
MARBLED POLECAT 


This species mates in March, and 4 to 8 young are born after a gestation 
of about 8 weeks (i). 

I. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die Saugetiere in der 
Schutzwaidzone. Berlin, 1956. 
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Martes americana Turton 
PINE MARTEN 


The pine marten of North America mates in late July and August (i). 
A single heat period may last 2 weeks (2). At heat the vulva swells and 
darkens; the swelling is maintained throughout the breeding season and 
does not regress after an early copulation (3). The litter size is 3 to 5, and 
the length of gestation, according to some workers, is 220 to 230 days, the 
young being born in March and April (4). Others have reported 245 to 265 
days (5) so there is apparently considerable variation. The long gestation 
is caused by delayed implantation of the embryos, and it may be shortened 
by 3 months if the martens are exposed to increased daily length of light 
throughout the fall (1). 

1. Pearson, O. P., and R. K. Hnders. J. Exp. Zool., 95: 21-35, * 944 - 

2. Cocks, A. El. PZS., 836-837, 190c. 

3. Enders, R. K., and J. B. Leekley. AR., 79: 1-5, 1941. 

4. Brassard, J. A., and R. Bernard. Canadian Field. Nat., 53: 15-21, I 939 - 

5. Salverscn, S. Deutsche Pelzticrzucht, 12: 371, 1937. 


Martes foina Erxleben 
STONE MARTEN, BEECH MARTEN 


In England the stone marten mates in July and August, and the gestation 
period is 8V2 9V2 months (i). In India mating is said to occur in February, 

and the gestation period is 9 weeks. The litter size is 4 to 5 (2). If the Indian 
record is correct, it would suggest that delayed implantation is the rule in the 
northern part of the range and not in the southern. In view of the fact that in¬ 
creased daylight in the fall shortens the gestation period in A/, arnericanu 
this would not be surprising. The females are believed to be in heat in Janu¬ 
ary and February and, again, in July and August. Pregnancy occurs only 
after the later heat. Spermatogenesis and testicular activity are minimal in 
January and are maximal in June (3). 

I. Fairfoul, D. British Fur Farmer, (an., 84-85, 1934. 
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2. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

3. Ehrlich, I. RSZ., 56: 621-626, 1949. 


Maries martes L. 
EUROPEAN PINE MARTEN 


The European pine marten is said to be seasonally polyestrous with mating 
in July. Heat lasts 3 to 4 days and recurs 3 to 4 times at intervals of 3 to 7 
days. The duration of pregnancy is 270 to 285 days, and the litter size 
I to 4 (i). 

I, Schmidt, F. Zeit. f. Saugetierk., 9: 392-403, 1934. 


Maries pennanti Erxleben 
FISHER 


The fisher, a native of North America, reaches puberty in both male and 
female at i year of age, but conception does not occur until it is 2 years 
old (i). Mating is in April, and gestation lasts 51 weeks. The females mate 
again a week after whelping. The litter size is i to 5, with an average of 
3 (2). In 15 cases the range of gestation was 338 to 358 days, with a mean of 
352 days (3). The mean corpusduteum count is 2.7, mode 3. These are 
strongly colored, orange-yellow bodies with a mean diameter of 1.25 mm. 
In December their cells are highly vacuolated; this is at the time the blasto¬ 
cyst is free. Implantation probably occurs in February. Puberty in the female 
is at I year old (4). 

1. Douglas, W. O. Am. Fur Breeder, 16: 18, 20, 1943. 

2. James, C. S. Am. Fur Breeder, 13(8): 14-15, 1941. 

3. Hall, E. R. California Fish and Game, 28: 143-147, 1942. 

4. Eadie, W. R., and W. J. Hamilton, Jr. New York Fish and Game J., 5(1): 77-83, 
1958. 
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Maries zibellina L. 

SIBERIAN SABLE 

The Siberian sable has a mating season from mid-June to the beginning 
of August (i). Heat lasts 2 days, and, during the season, it recurs 3 to 4 times 
at 9- to 12-day intervals. At the time of heat the vulva reddens. The testes 
swell enormously during the rutting season. Mating is lengthy, lasting on 
the average 50 minutes, with a range from 10 to 150 minutes. The duration 
of pregnancy is 270 to 285 days, and the litter size is i to 4 (2). Delayed im¬ 
plantation is the rule, with gestation varying from 249 to 299 days, usually 
270 to 275 days (i). Sexual maturity is reached at 2 years (3), and breeding 
continues until 15 years, but the litter size decreases from 10 years on¬ 
ward (4). 

Reduction of light to 7 hours daily in mated sables from the end of 
August until October, and then a gradual increase to 15 hours daily, caused 
earlier birth than usual. Sixteen of 20 sables littered before the end of 
March, while the controls did not give birth until April and May. Two of 
the experimental females came in heat in April but were not then mated. 
They again came in heat in June and July (5). 

1. Zitkov, B. M- ZZ., 21: 245-250, 1942, 

2. wSchmicii, F. Zeit. f. Saugciicrk., 9: 392-403, 1934. 

3. Ponomarev, A. L. ZZ., 17: 482-504, 1938. 

4. Starkov, 1 . D. Karakulevoclstvo i Zverovodstvo, 6: 58-62, 1949. 

5. Beljaev, D. K., N. S. Percljdik, and N. T. Portnova. Zobsc. Biol., 12: 260-265, ^ 95 ^- 


Galera bar bar a L. 
TAYRA 


In the London zoo this species has given birth to 2 young in September 
(i). The usual number is believed to be 3 or 4 (2). In Mexico 2 young are 
usual, born in February (3), but there is a record of young, probably 3 or 4 
days old, in November (4). 

1. Zuckerman, S. PZS., 122; 827-950, 1952-3. 

2. Cabrera, A., and J. Yepes. Historia Natural Ediar. Mamiferos Sud-Americanos. 
Buenos Aires, 1940. 
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3. Gaumer, G. F. Mamiferos dc Yucatan. Mexico City, 1917. 

4. Allen, J, A. AM., 22: 191-262, 1906. 


Grison canaster Nelson 
GRISON 


One record gives litters of 2 born in March (i), and another records 
newborn young in August and September (2). 

1. Gaumer, G. F. Mamiferos de Yucatan. Mexico City, 1917. 

2. Dalquest, W. W., and J. H. Roberts. AMN., 46: 359-366, 1951. 


Zorilla striatiis Perry 
AFRICAN POLECAT 


This polecat has 2 to 3 young, born from January to March in the 
Giza zoo (i, 2). 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. Flower, S. PZS., 369-450, 1932. 


Poecilictis libyca Hemprich and Ehrenberg 

A captured female had 3 young in June. The gestation may have been for 
37 days or less, or more than it weeks (i). 

I. Pretter, F. Mammalia, 23: 378-380, 1959. 


Poecilogale albinucha Gray 


This species usually has 2 young to the litter (i). 
I. Hill, J. E. JM., 22: 81-85, 1941. 
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Gulo gulo L. 

WOLVERINE, GLUTTON 


The wolverine breeds sometime between April and October, probably about 
midsummer, but implantation is delayed until January. The young, num¬ 
bering 2 to 4, are born late in March or early in April. The female does not 
become pregnant during her first summer. Spermatogenesis occurs from 
February on, and spermatozoa may be found in the epididymis in April and 
May. None could be found from November to January (i). In the Archangel 
region of Russia mating has been observed late in July and on into Sep¬ 
tember. Young have been found from February on. The females reproduce 
in their third year of life (2). 

The ovary is enclosed in a bursa with an ostium. No corpora lutea could 
be found in immature females in the fall or winter. In mature ones i to 3 
are present and they measure from 1.65 to 3.6 mm. The corpora lutea of 
pregnancy measure 3.4 to 3.6 mm. There is no post-partum heat. Ova migrate 
from one uterine horn to the other (i). 

1. Wright, P. L., and R. Rausch. JM., 36: 346-355, 1955. 

2. Parovshchikov, V. J. ZZ., 39: iiii, i960. 


MELLIVORINAE 
Mellivora capensis Schreber 
HONEY BADGER, RATEL 


This African species has 2 litters of 2 to 4 young in the year (i). The 
gestation period is about 6 months (2). 

1. Verheyen, R. Inst. Parcs Nat. du Congo Beige, Upemba, 1951. 

2. Wilhelm, J. H. J. Soudi West Africa Sci. Soc., 6: 51-74, 1933. 
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MELINAE 
Meles meles L. 
EUROPEAN BADGER 


The European badger breeds late in July and early in August. Implanta¬ 
tion does not occur until January, and in the interval the blastocyst lies free 
in the uterus. Birth is in March (i, 2). Mature and recently ruptured follicles 
are present in the ovaries from February to July and the average number 
of blastocysts is 2.3, range i to 3, while the corpora lutea average 4.0, range 
3 to 6. In September and October new follicles ripen and rupture. At this 
time degenerating follicles may be observed in the ovaries. It is believed, 
also, that some follicles may rupture in June, when the vaginal epithelium 
is stratified and cornified. The number of embryos in January and February 
was 3.T while the number of young born was 2.2 ± .1, range 1 to 4, with 
a pronounced mode of 2. All this follicular activity with formation of ac¬ 
cessory corpora lutea occurs before implantation. The corpora lutea of preg¬ 
nancy are twice as large and better vascularized than are those of “delay.** 
Some involution takes place at mid-pregnancy but they persist until it 
ends (3). 

In another account free blastocysts have been recorded for all months 
except August and September. Birth is in February, and in 80 per cent of 
females it is followed by a post-partum estrus. The blastocysts remain free 
until December, when they implant. The corpora lutea were small and 
the cells appeared to be inactive until that time (4). 

The females reach puberty at age 12 to 15 months (5), or at 2 years (4). 
The males possibly do not reach puberty until 2 years (5). The ovaries show 
little change until the females are nearly a year old. A few anovular follicles 
may be found. Ripe follicles measure about 3 mm., and the corpora lutea 
3.0 to 3.5 mm. Apparently ovulations continue until June and then recur in 
September or October with implantation in November, December, or Janu¬ 
ary and births from late January to March. The length of lactation does 
not appear to affect the time of implantation, nor does ovariectomy at 25 
weeks (5). Bilateral ovariectomy did not cause death of the embryos, and 
injection of ovarian hormones did not assist implantation (4). 
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During the period of delayed implantation the uterine glands are straight 
and the lumen is not obvious. There is no evidence of secretion. The en¬ 
dometrial stroma is cellular and uniformly dense, without any edema and 
with little fibrous tissue. The blood vessels are not conspicuous and are not 
engorged with blood. The epithelium cells are tall and columnar, measuring 
25 to 45 /A. This lack of activity on the part of the uterine glands is regarded 
as indicating that no progesterone is being secreted. The true gestation period 
is 6 weeks (5). 

At the time of heat the vaginal wall consists of stratified squamous epithe¬ 
lium which sloughs off after ovulation. The blood vessels are enlarged and 
engorged (5). 

The testes are active from late January to July, at least. They decline in 
late September (5). 

1. Fischer, E. Verh. Anat. Ges., Anat. Anz., 71: 22-34, 1931. 

2. Fries, S. Zool. Anz., 3; 486-492, 1880. 

3. Harrison, R. J., and E. G. Neal. Nature, 177: 977-<)79, 1956. 

4. Canivenc, R. Ann. Endocrinol., 18: 716-736, 1957. 

5. Neal, E. G., and R. J. Harrison. TZS., 29: 67-130, 1958. 


Taxidea taxus Schreber 
AMERICAN BADGER 


The American badger mates late in summer, from August to September; 
implantation does not occur until about February 15, and the young are 
born about April i (i). In the west birth usually occurs in February at sea 
level, but not until April or May in the mountains. The litter size is 1 to 
4 or 5 (2). 

1. Hamlctt, G. W. D. AR., 53: 283-303, 1932. 

2. Grinnell, J., J. S. Dixon, and J. M. Linsdale. Fur Bearing Mammals of California. 
Berkeley, Calif., 1937. 



468 


MAMMALIAN REPRODUCTION 


Helictus personata Geoffrey 
FERRET-BADGER 

This Asiatic species usually has 3 young, born in June (i). 

I. Pocock, R. I. Fauna of British India. Mammals. London, 1939-41. 


MEPHITINAE 
Mephitis mephitis Schreber 
SKUNK 

The female skunk is first in heat at age 10 months (r), and breeding is 
mostly in the first two weeks of March. The young are born about the second 
week of May (2). In one instance the young of a captive skunk died and 
the female mated again. She gave birth to 3 kittens 64 days later (i). 
Proestrum lasts for 4 days, but the vulva is not swollen. Gestation lasts for 
about 62 days from the first mating. The number of young is from 4 to 7 (3). 

1. Shadlc, A. R. JWM., 17: 388-389, 1953. 

2. Wight, H. M. JM,, 12: 42-47, 1931. 

3. Hamilton, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

Mephitis macroura Lichtenstein. The western skunk has been recorded 
with 3 embryos in June (i), but other specimens with 5 have been re¬ 
corded (2). 

1. Davis, W. B., and P. W. Lukens. JM., 39: 347-367, 1958. 

2. Bailey, V. NAF., 53, 1931. 


Spilogale 

SPOTTED SKUNK 


Spilogale gracilis Merriam. This western American skunk usually has 
4 or 5 young at a birth (i). 
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5 . putorius L. This species mates late in the winter and the young, 4 or 5, 
are born early in the spring (2). One had young in May after a gestation 
of at least 120 days (3). In captivity a female gave birth to 7 young early 
in June (4). 

1. Bailey, V. NAF., 55, 1936. 

2. Hamilton, Jr., W. J. Mammals of Eastern United States. Ithaca, N.Y., 1943. 

3. Constantine, D. G. JM., 42: 421-422, 1961. 

4. Crabb, W. D. JM., 25: 213-221, 1944. 


Conepatus 


Conepatus chinga Molina. This skunk usually has 3 or 4 young (i). 

C. mapurito Gmelin. This skunk has a gestation of 42 days (2). 

C. mesoleucas Lichtenstein. On March 24 a female was found with a single 
fetus near birth. Two, with litters of 2, were found to be lactating in 
April (3). 

1. Moojen, J. Bol. Mus. Nac. Rio de Janeiro, Zool., N5: 1943. 

2. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 

3. Bailey, V. NAF., 25, 1905. 


LUTRINAE 
Lutra canadensis Schreber 
CANADA OTTER 


This North American species reaches sexual maturity at age 2 years but 
the males are not successful in mating until they are 5 or 6 years old. The 
testes begin to descend in November and the females come in heat from 
December to early April. The heat period lasts for 42 to 46 days unless 
mating takes place. The days of maximum receptivity are about 6 days apart. 
The gestation period varies from 9V2 to I 2 i 4 months and the cubs, from 
I to 4, usually 4, are born toothless and blind. This immature condition 
implies that delayed implantation is usual (i). In the wild the young are 
born in April in the northern part of the range and earlier towards the 
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south (2). One may infer from the data on estrus that in this otter coitus- 
induced ovulation is the rule. 

1. Licrs, E. E. JM., 32: 1--9, 1951. 

2. Bailey, V. NAF., 55, 1936. 

Lutra annectens Major. This otter has i to 5 young, usually 2 or 3 in a 
litter (i). 

L. lutra L. The Old World otter breeds once a year in winter, but young 
have been born at any season. In captivity the female experiences heats at 
monthly intervals throughout the year (2). In Ceylon the 2 or 3 young 
are born at any season (3). The gestation period has been observed as 61 
days or a few more (4). 

L. maculicollis Lichtenstein. This African species has 2 or 3 young after 
a gestation period of about 2 months (5). 

1. Goodman, G. G. AM., 87: 271-474, 1946. 

2. Cocks, A, H. PZS., 249-250, 1881. 

3. Phillips, W. W. A. Ceylon J. Sci., 13B: 143-183, 1924-6. 

4. Brown, C. E. JM., 17: 10-13, 1936. 

5. Malbrant, R., and A. Maclathy. Faune de TEquateur Africain Fran(;aisc. Paris, 1949. 


Pteronura braziliensis Zimmermann 
GIANT OTTER 

In the Cologne zoo this species has been observed in heat in January and 
April. Heats lasted for 14 days (i). 

I. Zeeller, F. Inter Zoo Year Book, 2: 81, i960. 


Amblonyx cinerea Illiger 
CLAWLESS OTTER 


This Asiatic species has usually 2 young at a birth. One record gave a 
single young born in April (1). 

I. Webb-Peploe, C. G. J. Bombay Nat. Hist. Soc., 46: 629-644, 1946-7. 
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Aonyx capensis Schinz 
CLAWLESS OTTER 


This African species has 2 to 5, usually 2 or 3, young (i). The gestation 
period is about 63 days (2). One record gives a young “baby” seen in 
April (3). 

1. Shortridge, G. C. The Maniiiials of South West Africa. London, 1934. 

2. Wilhelm, J. H. J. South West Africa Sci. Soc., 6: 51-74, 1933. 

3. Allen, G. M., and A. Loveridge. HCMZ., 75: 47-140, 1933-4. 


Enhydris lutris L. 
SEA OTTER 


This otter has no fixed season, but mates most frequently in late spring 
(i). The single young is born after a gestation of 240 to 270 days (2). A 
specimen well advanced in pregnancy had a single corpus luteum which 
measured 5I2 X 3 mm. The ovaries were both scarred by irregular surface 
fissures (3). Mating is in June and July while the young are born from 
March to May after a gestation of 9 to 10 months. They probably reproduce 
every other year (4). 

1. Harahash-Nikiforov, 1 . JM., 16: 255-261, 1935. 

2. Kenneth, J. H. (Gestation Periods. Edinburgh, 1943. 

3. Pearson, O. P. JM., 33; 387, 1952. 

4. Nikolaev, A. M. Trudy Soveshchanii Koniiss. Akad. Nauk, S.S.S.R., 12: 214-217, 
1961. 
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VIVERRIDAE 

VIVERRINAE 

Genetta 

GENET 


Genetta genetta L. In South Africa the young, 2 or 3, rarely 4, are born 
in October and May (i). In the Praha zoo most have been born in April 
or August and September. The litter size has varied from i to 3, mean 2.25, 
and the gestation has been 10 to 11 weeks long (2). 

G. tigrina Schreber. This genet has 2 or 3 young in October (3) or May 
(i). Some young have been recorded as born probably in early January, 
during the dry season of the Belgian Congo (4). In the London zoo young 
have been born in July and August, and hybrids in June and October (5). 

1. Shortridgc, G. C. The Mammals of South West Africa. London, 1934. 

2. Volf, J. Mammalia, 23: 168-171, 1959. 

3. Wilhelm, J. H. J. South West Africa Sci. Soc., 6: 51-74, I933* 

4. Verschuren, J. EPNG., 9, 1958. 

5. Zuckcrman, S. PZS., 122: 827-950, 1952-3. 


Viverricula 

RASSE 


Viverricula indica Desmarest. In Ceylon this species usually has 3 to 5 
young to the litter. It breeds all the year (i). 

T. rasse Horsfield. This species has its young from March to June. This 
record is for introductions into Madagascar (2). 

1. Phillips, W. W. A. Ceylon J, Sci., 13B; 143-183, 1924-6. 

2. Kaudern, W. AZ., 9(1): 1-22, 1914. 
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Viverra 

CIVET 


Viverra megaspila Blyth. This civet has from i to 3 young to the litter (i). 
V, zibetha L. This species has 3 to 4 young, born in May or June (2). 

1. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

2. Pocock, R. I. Fauna of Briiisli India. Mammals. London, 1939-41. 


Civcttictis civetta Schrcber 
AFRICAN CIVET 


This civet of tropical Central Africa has two breeding seasons a year in 
Tanganyika, in March and October. The litter size is 2 to 5. More secretion 
can be obtained from the scent glands of the male at the time of rut than 
at other times (i). 

I. Vandenput, R. Bull. Agric, Congo Beige, 28: 135-146, 1937. 


Prionodon par dicolor Hodgson 
LINSANG 


This Asiatic species breeds from February to August and has 2 litters of 
2 young each year (i). 

I. Pocock, R. I. Fauna of British India. Mammals. London, 1939-41. 
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PARADOXURINAE 
Nandinia binotata Reinwardt 
AFRICAN PALM CIVET 


This species has 2 young as a rule (i). In the London zoo a single young 
was born in July (2). 

1. Dekeyser, P. L, Les Mammifcres de I’Afrique Noire Frani^aise. n.p., 1956. 

2. Zuckcrman, S. PZS., 122: 827-950, 1952-3. 


Arctogalidia trivirgata Gray 
PALM CIVET 


This Indian species has been recorded with 2 young, born early in the 
summer (i). 

I. Pocock, R. I. Fauna of British India. Mammals. London, 1939-41. 


Paradoxurus 
PALM CIVET 


Paradoxurus hermaphroditiis Schreber. This Indian civet breeds all the 
year, but most of the young are born in the latter part of the year, before 
the onset of the northeast monsoon. The usual litter is from 3 to 4, some¬ 
times as many as 6 (i). Suckling young may be found from September to 
March. Possibly 2 litters a year are produced (2). 

P. jerdoni Blanford. This civet usually has 2 young (3). Suckling young 
may be found from September to March and there may be 2 litters a year (2). 
The weight of one testis was 2.4 g. and the length of seminiferous tubules 
was 70 meters. The spermatozoon was 42.4 /x long (4). 
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P. zeylonensis Schreber. The golden palm civet has 2 or 3 young, mostly 
born in October or November (5). Suckling young may be found from 
September to March, and the females may bear 2 litters a year (2). 

1. Phillips, W. W. A. Ceylon J. Sci., 13B: 143-183, 1924-6. 

2. Pocock, R. I. J. Bombay Nat. Hist. Soc., 36: 855-877, 1933. 

3. Webb-Peploe, C. G. J. Bombay Nat. Hist. Soc., 46: 629-644, 1946-7. 

4. Knepp, T. H. Proc. Pennsylvania Acad. Sci., 13: 58-62, 1939. 

5. Pocock, R. I. Fauna of British India. Mammals. London, 1939-41. 


Pa gum a 

PALM CIVET 


Pagtitna lanigera Hodgson. Litters of 2 to 4 have been found (i). In 
the London zoo births have been recorded in April and July (2). 

P. larvata Bennett. One record gives 4 young (3), another 2 mature fetuses 
in October. (4). 

1. Pocock, R. I. PZS., 621-622, 1911. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

4. Banks, E. J. Malay Br. Royal Asiatic Soc., 9(2): 1-139, 1931. 


Arctictis binturong Raffles 
BINTURONG 


In the London zoo litters have been born in March, July, and November 

(i). 

I. Zuckerman, S. PZS., 122: 827-950, 1952-3. 
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HEMIGALINAE 
Hemigahis derbyianus Gray 

A fetus was found in a female taken in February (i). 
1. Banks, E. J. Malay Br. Roy. Asiatic Soc., 9(2): 1--139, 1931. 


Cy no gale bennetti Gray 

Young of the otter civet, usually 2, have been found in May (i, 2). 

1. Banks, E. }. Malay Br. Roy. Asiatic Soc., 9(2): 1-139, 1931. 

2. Lyon, M. W. Proc. United States Nat. Mus., 34: 619-679, 1908. 


Eupleres goiidotii Doyerc 

In Madagascar males with spermatozoa were found at the end of June; 
young were found in November. A single young is the rule (i). 

I. Kaudern, W. AZ., 9(1): 1-22, 1914. 


GALIDIINAE 
Galidia elegans Geoffroy 
MADAGASCAR MONGOOSE 


The young, 2 or 3, are born in May (i). 
I. Kaudern, W. AZ., 9(1): 1-22, 1914. 
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HERPESTINAE 
Suricata suricatta Erxleben 
MIERKAT 


Pregnant females have been found in November (i) and February (2). 
The number of young is usually 2 but may be as many as 4. 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. Haagncr, A. K. South African Mammals. London, 1920. 


Herpestes auropunctatus Hodgson 
MONGOOSE 


This mongoose has been introduced into Hawaii and Puerto Rico and 
all the breeding records of the species are from these islands. The male 
reaches puberty at age 4 months, when the testes are 13 mm. long or longer. 
They produce spermatozoa all the year but the testes are largest in Febru¬ 
ary and March (i). The first breeding season in Hawaii is from February 
to April, with another in May and June. Apparently 2 litters a year are 
produced in the wild but there is no breeding from October to January (2). 
In Puerto Rico the season extends from January to October, but most litters 
are born in March and April and in July and August (3). Yearlings are 
somewhat late in breeding (i). There is a suggestion of a 4-day estrus period 
at 20-day intervals, and possibly the females ovulate only on coitus. The 
estrus of the second season is post-lactation and not post-partum. There is 
no evidence of reproductive failure in extremely old individuals. The dura¬ 
tion of pregnancy is possibly 7 weeks (i); it is certainly over 32 days (3). 
The average fetus count is 2.1, range 2 to 4 (3). Corpus-luteum counts have 
given 2.7, range i to 4, and ovulation was as frequent from the left ovary as 
from the right. Ova frequently crossed and implanted in the opposite horn of 
the uterus (i). 

The ovary is almost completely encapsulated. The ripe follicle, which 
protrudes slightly from the ovarian surface, measures 1^4 mm. or more. 
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The corpus luteum is yellow, has a small stigma, and is 3 mm. in diameter 
late in pregnancy (i). 

1. Pearson, O. P., and P. H. Baldwin. JM., 34: 436-447, 1953. 

2. Baldwin, P., C. W. Schwartz, and E. R. Schwartz. JM., 33: 335-356, 1952. 

3. Pimental, D. JM., 36: 62-68, 1955. 

Herpestes edwardsi Geoffrey. The gray mongoose has no regular season. 
The female reaches puberty at age 9 months. The young, usually 2, are born 
after a gestation of 60 to 65 days (i, 2). 

H. fiiscus Waterhouse. This mongoose breeds mostly early in the year 
but is not restricted to this season. From 3 to 4 young are usual (i). 

H, ichneumon L. This African species has 2 to 5 young (3). 

H. javanicus Geoffroy. A mating in July was followed by a litter 43 days 
later (i). 

H. smithi Gray. This species has 2 to 3 young (i). 

H. urva Hodgson. The crab-eating mongoose has been known to give 
birth to 2 young (i). 

H. viticollis Bennett. This mongoose has given birth to 3 young, according 
to one record (i). 

H. (Myonax) cauui A. Smith. This African species has 2 to 3 young at 
a time (4). 

//. {M.) sanguineus Ruppell. Two or 3 young is the rule in this mon¬ 
goose (5, 6). One pregnant female has been reported in June (7). 

1. Pocock, R. I. Fauna of British India. Mammals. London, 1939-41. 

2. Frere, A. G. J. Bombay Nat. Hist. Soc., 33; 426-428, 1929. 

3. Palouse, J. B. Trav. de I’lnst. Sci. Cherificn, Scr. Zool., 5, 1957. 

4. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

5. Cowles, R. B. JM., 17: 121-130, 1936. 

6. Hill, J. E. JM., 22: 81-85, 1941. 

7. Verschuren, J. EPNG., 9, 1958. 


Helogale 

DWARF MONGOOSE 


Helogale dybowshji Pousargucs. In the Belgian Congo this species gave 
birth to 4 young (i). 
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H. tvori Thomas. The 4 to 5 young are born in October and possibly in 
November (2). 

H, parvula Sundevall. This mongoose has 2 to 3 young (3) in March (4). 
H, vetula Thomas. Puberty is at about 8 months. Litters of 2 to 6 have 
been born in April, May, June, July, October, and December. The gesta¬ 
tion period is believed to be about 5 weeks (5). 

1. Verheyen, R. Inst. Parc Nat. clu Congo Beige, Upemba, 1951. 

2. Loveridge, A. J. East Africa and Uganda Nat. Hist. Soc., 17: 36-69, 1922. 

3. Hamilton, J. S. Animal Life in Africa. London, 1912. 

4. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

5. Taylor, S., and C. S. Webb. Zoolife, 10: 70-72, 1955. 


Atilax paliidinosus Cuvier 
WATER MONGOOSE 


This African species usually has 2 young to the litter. In one instance 
thc.se were born in August (i). A June pregnancy has also been recorded 
(2). In the London zoo a litter has been born in June (3). 

1. FitzSimons, F. W. The Natural History of South Africa. London, 1919. 

2. Frcx'hkop, S. EPNU., 1944. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Mangos mango Gmelin 
STRIPED MONGOOSE 


In South West Africa pregnant females have been found in November 
and December (i). In the Belgian Congo a heat period was recorded in 
December in a female aged i year. Newborn young were found in Decem¬ 
ber and January (2). They have also been found in May, early June (3), 
and August (4). From 2 to 6 young have been recorded. 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. Verschuren, J. EPNG., 9, 1958. 

3. Allen, G. M., and A. Loveridge. HCMZ., 75: 47-140, 1933-4. 

4. Loveridge, A. J. East Africa and Uganda Nat. Hist. Soc., 17: 39-69, 1925. 
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Ichneumia albicauda Cuvier 

This African species has from 2 to 4 young at a time (1). 

I. Jcannin, A. Lcs Mammiferes Sauvagcs du Carneroun. Paris, 1936. 


Cynictis 

MIERKAT 


Cynictis penicillata Cuvier. This species has i to 4 young (i). In the 
London zoo they have been born from July to September (2). 

C. seloiisi De Winton. This species has been recorded with 2 young (3). 

1. Shortritlgc, G. C. The Mammals of South West Africa. London, 1934. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Hill, J. E. JM., 22: 81-85, ^941- 


CRYPTOPROCTINAE 
Cryptoprocta jerox Bennett 
FOSSA 


This Madagascar species usually has 2 young, and a record of a litter about 
2 weeks old was made in February (i). 

I. Kaudern, W. AZ., 9(1): 1-22, 1914. 
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HYAENIDAE 

PROTELINAE 
Proteles cristatus Sparrman 
AARD WOLF 


The African aarcl wolf bears its young in the southern part of its range 
during the months of November and December. The litter size is usually 
2 to 4, but as many as 6 may be born at one time (i). 

I. Shortridge, G. C, The Mammals of South West Africa. London, 1934. 


HYAENINAE 
Crociita crocuta Erxleben 
SPOTTED HYENA 


The hyena of Africa is polyestrous all the year, with a cycle of about 14 
days. There is no seasonal sexual activity in the male. The female reaches 
puberty at a later age than the male. She has a peniform clitoris, scrotal 
pouches, and perineal and anal glands, resembling those of the male. The 
resemblance is so great that the ancients regarded the hyena as hermaphro¬ 
ditic. The corpus luteum is functional throughout pregnancy and persists 
during lactation. The number of young is i, rarely 2, but a larger number 
of eggs are shed, apparently from only one ovary (i). The duration of 
pregnancy is given as no days (i) but London zoo records give 90 days 
as the more usual period (2). In South Africa the young are born in winter 

(3)- 

1. Matthews, L. H. TRS., 230B: 1-78, 1939. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 



482 


MAMMALIAN REPRODUCTION 


Hyaena hyaena L. 
HYAENA 


This hyaena has from 2 to 4 young. In India they are born in the hot 
weather after a gestation period given as 7 months (1). An African record 
gives the probable duration as 3 months (2). The birth of 2 cubs to a young 
primipara at the end of May has been reported (3). 

1. Pocock, R. I. Fauna of British India. Mammals. London, 1930-41. 

2. Palousc, J. B. Trav. de I’lnst. Chcrifien, Ser. Zool., 5, 1957. 

3. Shulov, A. Mammalia, 22: 595-597, 1958. 

Hyaena brunnea Thunbcrg. The brown hyaena has 2 to 4 young dropped 
after a gestation of 3 months (i). 

I. Hamilton, S. Animal Life in Africa. London, 1912. 


FELIDAE 

FELINAE 
Veils catus L. 
DOMESTIC CAT 


The cat reaches puberty usually at from 7 to 12 months old. She is, in a 
sense, seasonally polyestrous, since in the absence of the male several heat 
periods are experienced, in spring and in early fall. Ovulation is induced by 
coitus and rarely occurs in its absence. Sterile copulation produces a condi¬ 
tion of pseudopregnancy which lasts for 36 days. The modal litter size is 4, 
and the period of gestation is about 63 days from coitus. 


THE ESTROUS CYCLE 

Occasionally the female reaches puberty at 5 months, although 7 to 12 
months is the more usual age. Puberty is always a little later in the male. 
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The weights at this epoch are, for the female, 2*4 kg., and for the male, 

SVz kg. (i). 

In northern Europe heat periods are experienced twice a year, in spring 
and early fall (2), but in Algiers the seasons are from December 15 to the 
end of January, and from July 15 to the end of August. Some females, how¬ 
ever, may be found in heat at any time from January to July (3). In cap¬ 
tivity the first series of matings for the year are from January to March and 
the second from May to June. The principal littering seasons are from mid- 
March to mid-May and July to August (i). In the northern United States 
anestrum lasts from September to January (4). Heat, in the presence of 
the male, lasts about 4 days, with the time of greatest acceptance on the 
third day. In the absence of the male it lasts 9 to 10 days (5), or more (2), and 
it recurs 15 days to 3 weeks later (5). Ovulation is induced by coitus, and 
in joo cases without coitus it did not occur (5). It follows coitus after 24 
to 30 hours (6), 27 hours (5), or 40 to 54 hours (2). Sterile copulation is 
followed by pscudopregnancy, which lasts for 36 days, but the corpus luteum 
regresses from 28 days onward (1). Another report gives about 30 days 
as the usual duration, but it may last 44 days (4). Mating may occur during 
lactation (i). 

The ovum takes 95 to 103 hours from the time of shedding to pass through 
the oviduct into the uterus. The number of eggs shed is 4.12, with a mode 
at 4 and 5 (5), and the mean litter size is 3.88. The latter is correlated with 
the weight of the mother (7). The duration of gestation is 63 days from 
coitus (5), or 65 days in highly bred cats with little exercise and less in those 
which are free to roam (8). One record gives a spread of 58 to 71 days, 
mean 65 days, and a mean litter size of 4.03 young (i). 


HISTOLOGY OF THE FEMALE TRACT 

OVARY. During the period between coitus and ovulation there are no 
obvious changes in the graafian lollicle in the first six hours; then the 
cumulus ocijihoron enlarges because of intercellular accumulation of secre¬ 
tion. Later, the whole granulosa layer shares in this enlargement and loosen¬ 
ing. The secretion of this secondary liquor folliculi ceases by 24 hours, and 
then the granulosa cells begin to appear active; they lose their pycnotic 
appearance and become vesicular. The first spindle in the ovum is formed 
at 18 hours, and the polar body is extruded at nYi hours (6). At ovulation 
there is no hemorrhage or leucocytic invasion into the cavity, but the walls 
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are deeply folded. The theca cells form the interstitial tissue of the corpus 
luteum; mitoses arc numerous in these cells by 18 hours after ovulation, but 
few can be found after 7 days. The lutein cells are formed exclusively from 
the granulosa layers. The maximum size of the corpus luteum is reached at 
10 to 16 days after coitus. During pregnancy gradual regression sets in after 
20 days (9). This is said to occur after 28 days in the corpus luteum of 
pseudopregnancy. Follicles which do not rupture retrogress by theca atresia 
(i), and the interstitial tissue of the ovary originates in the thecal cells (10). 
There is no evidence for neogenesis of ova during adult life, of for linking 
the degree of atresia to events in the cstrous cycle (ii). Lactation causes an 
increase in the vascularity of the corpus luteum and disappearance of the 
small vacuoles in the lutein cells. This condition lasts for 28 days (12). 

VAGINA. The ancstrous vaginal epithelium consists of a few layers of 
epithelial cells. In procstrum there is rapid growth and the superficial cells 
become flattened. At heat the epithelium grows until it is 24 cells thick, 
with several layers of cornified cells. This continues for 3 days after coitus. 
Toward the end of the period gradual sloughing and leucocytic invasion 
occurs (4, 5). The ancstrous smear contains nucleated epithelial cells, which 
become very numerous in proestrum. The smear of heat contains mostly 
large, nonnucleated, cornified cells with a few nucleated cells. This is said to 
be the smear if heat occurs in the spring. Nucleated cells are said to pre¬ 
dominate in the smear of a fall heat. During metestrum large numbers of 
leucocytes appear (13, 14). The vaginal smears show that estrus may ap¬ 
parently occur during pregnancy and some females do undergo full mating 
in this period. There is no immediate post-partum heat, but cycles re¬ 
commence at the fourth to the sixth week of lactation (15). 

UTERUS. In the ancstrous uterus the glands are straight and do not ex¬ 
tend deeply into the mucosa. Their epithelium is 6 to 12 /a high, and their 
diameter, 20 to 30 p. The surface cells arc 6 to 12 p in height. Mitoses are 
absent. During proestrum the surface epithelium increases to 20 to 24 p. At 
heat this layer does not grow further, but the glands almost double in 
diameter and remain uncoiled. In the lutein phase the epithelial cells revert 
to their height in anestrum. The glands increase to 120 /a in diameter and the 
cells to 40 /A. This growth is apparent within 48 hours or less from ovula¬ 
tion and is maintained to from 12 to 15 days, the normal time of implanta¬ 
tion. At this time secretion begins in the necks of the glands and proceeds 
toward the bases, which are actively secreting by the twenty-second day (4). 
The degree of coiling, also, is very marked. The great glandular growth 
causes the uterus to resemble that of the rabbit during its lutein phase, but 



CARNIVORA AND PINNIPEDIA 


485 


the changes arc slower than in that species. If ovulation has not occurred, the 
uterus retrogresses and there is a marked invasion of leucocytes. The secre¬ 
tory changes in the uterus occur about 3 days earlier in the nonpregnant 
cat, and, in either case, the collapse of the glands as secretion sets in causes 
the inner surface of the uterus to become fringed (5). 

OVIDUCT. The tubal epithelium during anestrum is 12 to 15 ju- high, 
and cilia are not prominent. In proestrum the cells measure 24 to 40 /a, and 
cilia are much more prominent. During heat mitoses become appreciable. 
In the lutein phase the height of the cells decreases, but the extrusion of 
protoplasm is not so prominent as it is in most other species (4). The cells 
lose their cilia except in the crypts (5). 

The oviduct enters the uterus at its tip on the mesenteric side, then it 
turns and ends on a low papilla without villi or thickening of the muscle. 
It is impossible to force fluid from the uterus into the tube (16). 


PHYSIOLOGY OF THE FEMALE TRACT 

The cat differs from other species with induced ovulation as in this species 
it can be induced by stimulating the distal portion of the reproductive tract 
with a glass rod. The interval between stimulation and ovulation is 25 hours 
or less (3). 

If the amount of illumination is increased by exposing cats to longer 
periods of light beginning in October, they come in heat at the end of 
November, much earlier than the usual time. It requires about 50 days of 
treatment to produce an efTect (17, 18). 

The placenta docs not appear to be so good a barrier to hormones as it is 
in most species since the uterine glands of the new-born kitten are active. 
This activity ceases soon after birth (ig). If the ovaries arc removed up to 
46 days after coitus, abortion results. If the operation is performed at 49 days 
or later, the young are carried to term (5). 

The removal of one ovar)' causes a compensatory hypertrophy of the re¬ 
maining ovary (5). 

The myometrium does not make spontaneous contractions during anestrum 
and estrus. When a corpus luteum is present, slow and regular contractions 
occur at the rate of 10 to 18 every 10 minutes (20). The uterine muscle has 
a very low spontaneous motility during anestrum, and the response to 
drugs at this time is fainter or negative. The muscle always responds to 
pituitrin. Epinephrin is inhibitory during heat and motor in the lutein 
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phase (4). In the cat ovariectomized for 15 days, the response given is 
that of relaxation (21). In the pseudopregnant cat the epincphrin reversal 
response is given from 48 hours after ovulation to 44 days (4). 

The anterior pituitary of the mature, anestrous female contains 65 B.U. 
of lactogen per gram of tissue. During the breeding season this is increased 
to 224 B.U. (22). 

The injection of 100 R.U. of estrogen daily into immature cats, 5 to 13 
weeks old (340 to 8ro g.), caused hypertrophy of the vaginal mucosa by 
5 days and a little increase in the endometrium. By 9 to to days the proestrous 
type of endometrium had been produced, and by 14 days, the estrous type. 
These changes could not be hastened by increasing the daily dose to as high 
as 1,000 R.U. (23). Before nidation pregnancy can very easily be terminated 
by the injection of estrogens, afterwards a dose of 1,000 R.U. or more, given 
over 6 days, is needed to produce this result (5). 

Heat and ovulation may be induced most elTectivelv during ancstrum by 
injecting F.S.H. together with a very small amount of L.H. The resulting 
pseudopregnancy lasts 40 to 44 days, judging by the epinephrin reversal test 
with uterine muscle. This is also the length of normal pscudoprcgnancy, 
according to these workers (4). Anestrous cats injected in July were brought 
in heat by from 22 to 84 R.U. of F.S.H., together with a trace of L.H., given 
over 6 days. The mean dose for 5 cats was 54 R.U. of F.S.H. Sometimes 
ovulation and sometimes luteinization of follicles resulted (24). In immature 
cats the injection of menopause urine at the rate of 20 to 25 R.U. daily causes 
follicle stimulation. The right ovary tends to respond more than the left, 
and at this dosage the endometrium is brought into the estrous state (25). 
In the anestrous cat F.S.H. is more effective in inducing ovulation than is 
either P.U. or P.M.S., but it is difficult to adjust the dose so that ovulation 
and pregnancy may occur (26). Gonadotrophic hormones in doses of 50 to 
100 M.U. are said to be effective (27). 


THE MALE 

At birth the testes are fully descended. Spermatogonia begin to divide at 
20 weeks of age and the testis weight rises from 40 to 500 mg. Spermatids 
appear at 700 mg. Spermatozoa appear at 30 to 36 weeks of age, when the 
testis weighs i g. or more. The body weight is then 2/2 to 3 kg. (28). Two 
reports give the length of seminiferous tubules in a single testis as 25 and 
27 meters respectively (29, 30). 
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Early castration inhibits the growth of the penis, and no penial spines are 
formed (31). The normal male excretes more ketones in the urine than does 
the female. Castration abolishes this difference, and the injection of testos¬ 
terone restores it (32). 

The lactogen content of the pituitary of the male during the nonbreeding 
season is 37 B.U. per g., about two thirds that of the anestrous female (22). 

The injection daily of 100 R.U. of estrogen into immature males causes 
hypertrophy of the glandular epithelium of the prostate (33). 
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Felis silvestris Schreber 
EUROPEAN WILD CAT 


The wild cat in Scotland is apparently seasonally polyestrous, with one heat 
in the first half of March, a second at the end of May or the beginning of 
June, and another, rarely, in late fall. Anestrum then sets in until the end 
of February. The female reaches puberty at less than t 2 months (i). 

The ovaries are in open capsules. From 2 to lo follicles rupture at a time, 
with 5 as the modal number. The corpora lutea are slow to retrogress, and 
large ones from the first heat persist when mature follicles are present at the 
second heat. The fertilized ova may transfer from one horn to the other 
across the body of the uterus (i). 

The uterus and vagina arc ridged longitudinally. During heat the en¬ 
dometrium has large glands, and at the same time there is extensive des¬ 
quamation of cornified cells in the vagina (1). Gestation lasts 68 days (2). 

1. Matthews, L. H. PZS., iiiB: 59-77, I94i* 

2. Tetley, H. PZS., iriB: 13--23, 1941. 


Felis (Lynx) rufus Schreber 
BOBCAT 


The main breeding season is from February to April. The females are 
probably polyestrous, and those failing to become pregnant in early spring 
come in heat later in the spring or early summer. Some of the early breeders 
may have a second litter later in the year. Mature males are probably fecund 
all the year round (i). The young arc mostly born in May or June (2) and 
they number from i to 6, with a mean of 2.8 ±: .3 and modes of 2 and 
The gestation period is about 50 days (3). An extensive series from Utah 
gave an observed heat towards the end of March and pregnancies from 
January to September, but mostly in March and April. Of 356 pregnant 
females the embryo count ranged from i to 8, mode 3, average 3.2 zb .07. 
In 47 newborn litters the range was i to 6, mode 4, and average 3.5 (4). 

The ovaries are large for the size of the female and they are often markedly 
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asymmetric. There are two types of corpus-luteum cells, one of large cells 
associated with patches of small epithelial cells, and one of large cells con¬ 
taining acidophil pigment and seldom associated with patches of smaller 
cells. The corpus luteum appears to persist for years (5). 

1. Duke, K. L. AR., 120: 816-817, 1954. 

2. Bailey, V. NAF., 55, 1936. 

3. Hamilon, Jr., W. J. The Mammals of Eastern United States. Ithaca, N.Y., 1934. 

4. Gashwiler, J. S., W. L. Robinette, and O. W. Morris. JM., 42; 76-84, 1961. 

5. Duke, K. L. AR., 103: 111-131, 1949. 


Felis (Puma) concolor True 
PUMA, MOUNTAIN LION 


In Utah and Nevada the mountain lion may have young at any time of 
the year, but 60 per cent are born in June through September with the peak 
in July. At the time of capture 41 per cent of mature females were pregnant. 
Most have young at 2-ycar intervals, a few at 12 to 15 months. Some reach 
puberty at 80 lb. weight (i), which may be in the second or third year (2). 
In November in the Chicago zoo a female had her first heat at the age of 
2 years and 5 months. Heat, judging by the vocalization, lasted 8 to ii days 
and there was an interval of 14.4 days between the end of one and the 
beginning of another, which gave a mean cycle length of 22.8 days. A male 
was introduced on one occasion after she had been in heat for 2 days. She 
remained in heat for 8 more days, and had 2 young after a gestation of 
between 82 and go days. Her young died and she came in heat again 17 days 
later for 8 days and was mated. This gestation was between 88 and 92 days, 
so 90 days may be taken as the gestation period. There was no heat for 2V2 
months while the cubs were with her (3). In the London zoo births have 
been from April to December and the litter size has varied from i to 3, 
usually I and averaging 1.6 (4). In the Utah-Nevada data the mean embryo 
count was 3.4, range i to 6 in 66 litters. For 258 litters born the average was 
2.9, range i to 5 (i). 

1. Robinette, W. L., J. S. Gashwiler, and O. W. Morris. JM., 42: 204-217, 1961. 

2. Leopold, A. S. Wildlife of Mexico. The Game Birds and Mammals. Berkeley, 
Calif., 1959. 

3. Rabb, G. B. JM., 40: 616-617, 1959. 

4. Zuckerman, S. PZS., 122: 827-950, 1952-3. 
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Felis chaus Guldcnstaedt. In India the jungle cat has 2 litters a year, 
usually 3 to 4 young (1). They breed first in the early spring and gestation 
lasts about 2 months (2). Young are born in May and November in south 
India (3). 

F. lihyca Forster. A female experienced estrous periods at intervals of 
about 6 weeks from September to May. No observations were made in the 
intervening period. Heat lasted for 2 or 3 days (4). Mating is usually at the 
end of February and the young arc 2 to 5 in number (2). They arc born 
after a gestation of about 56 days (5). 

F. margarita Loche. There are records of 2 and 4 young born early in 
April (6, 7). 

F. {Herpailurus) geoffroyi D’Orbigny. This South American species of 
jaguar has 2 or 3 young once a year (8). 

F. (H.) yaguarondi Desmarest. This jaguar breeds towards the end of the 
year and has 2 to 3 young after a gestation of 9 weeks (8). 

F. {Ictailurus) planiceps Vigors and Horsficld. A single young was born 
to a female in January (9). 

F. {Leopardits) pardulis L. The ocelot mates from the end of the year 
into January. Two or 3 young is the usual number (8). In Texas breeding 
probably takes place all year (10). In the London zoo young have been born 
in April, June, and December (n). 

F. {Leptailurns) serval Schreber. The serval has 2 to 4 young (12). New¬ 
born cubs have been recorded for September and November (4), and a 
pregnant female in May (i). 

F. (L.) caracal Schreber. The caracal has litters of 2 to 4 young all year 
(13). In South West Africa most are born in July and August (14). In the 
London zoo litters have been born in January, March, and June (n). A 
record for northern Africa gives 3 to 4 young born early in April (15). 

F. {Lynx) canadensis Kerr. This bobcat mates in late winter and has i to 
4 young after a gestation of about 2 months (16). 

F. (L.) lynx L. This lynx mates from the end of January to April and has 
2 to 3 young, occasionally more, after a gestation of 9 to 10 weeks (2). 

F. {Microfelis) nigripes Burchell. This African cat usually has 2 or 3 young 
to the litter (17). 

F. {NoctifeUs) tigrina Erxleben. The margay usually has 2 young (17). 

F. {Prionailurus) bengalensis Kerr. The leopard cat of India mates in May 
and has 3 to 4 young (i) after a gestation of 56 days (18). 

F. (F.) rubiginosa Geofiroy. This Asiatic cat has 2 or 3 young to the 
litter (19). 
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Pant her a par d us L. 
LEOPARD 


The leopard has 2 to 4 young, and no fixed season in Africa (i). In India 
there is no fixed season but most births occur in April (2). In the London 
zoo births have been distributed throughout the year and the number of 
young has been from 1 to 3, usually i, mean 1.75 (3). In Northern Rhodesia 
births are probably all year and the usual number is 2 (4). The gestation 
period lasts about 3 months (5). 

1. Slu)rtridgc, G. C. The Mammals of South West Africa. London, 1934. 

2. Braniler, A. A. D. Wild Animals in Central India. London, 1923. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

4. Ansell, W. F. El. PZS., 134: 251-274, i960. 

5. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 
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Panthera (Leo) leo L. 
LION 


The lion has no fixed breeding season and is polyestrous. Heat may last 
for a week, and it recurs at intervals of 3 weeks. Two litters may be born 
in a year. The gestation period is about 108 days (i). Observed gestations 
have varied from 105 to 113 days. Up to 6 young may be born at a time, but 
2 to 3 is the usual number (2). A compilation of 323 births in the Pretoria 
and other zoos gave a mode of 3 and a mean of 3.04 ±: .08 young per litter. 
In general, males breed at 5 to 6 years old, and females at 3 or 4. The 
fifteenth year is the usual breeding limit (2). 

The anestrous vaginal smear consists of nucleated epithelial cells of various 
types. During heat it shows mostly large, flat, nonnucleated, cornified cells 
with a smaller number of cells whose nuclei are pycnotic (3). 

1. Marshall, F. H. A. The Physiology of Reproduction. London, 1922. 

2. Steyn, T. J, Fauna and Flora (Pretoria), No. 2, 1951. 

3. Liche, H., and K. Wodzicki. Nature, 144: 245-246, 1939. 


Panthera (Jaguarius) onca True 
JAGUAR 


In Yucatan this species mates in August and September and the young 
are born from November to December (t), but in Sinaloa the young are 
born in July and August (2). In the London zoo they have been born at 
all times of the year. Usually one is the number, but twins occurred twice 
in 6 births (3). The gestation period is about 100 days (4). 

1. Gaumer, G. F. Mamiferos de Yucatan. Mexico City, 1917. 

2. Allen, J. A. AM., 22: 191-262, 1906. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

4. Brown, C. E. JM., 17: 10-13, ^ 93 ^’ 

Panthera (Tigris^ tigris L. The tiger breeds all the year and has 2 to 5 
young to the litter (i). In the London zoo, while young are born at any 
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time, most are born from June to August. The modal litter size is 3, and 
the mean 2.3 (2). The gestation period is about 113 days (3). 

P. (Uncia) uncia Schreber. The snow leopard or ounce has a gestation 
of 93 days (4). 

1. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

2. Zuckcrman, S. PZS., 122: 827-950, 1952-3. 

3. Davis, M. JM., 27: 393, 1946. 

4. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 


Acinonyx jubatus Schreber 
AFRICAN CHEETAH 


In the Transvaal this species gives birth to from 2 to 4 cubs in the last 
half of the year (i). Litters have also been found in March and November 
(2), while in the Krcfeld zoo a litter of 4 cubs was born in April (3). The 
gestation period is about 95 days (4). 

1. Hamilton, J. S. Animal Life in Africa. London, 1912. 

2. Anscll, W. F. H. PZS,, 134: 251-274, i960. 

3. Encke, W. Inter Zoo Year Book, 2: 85-86, i960. 

4. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 


OTARIIDAE 

Arctocephalus pusilhis Schreber 
CAPE FUR SEAL 


This seal breeds at age i year. There is a heat period from August to 
November for the virgin cows, who then have a longer gestation than usual, 
of 14 to 15 months duration. The period of birth is from November into 
early December and the females mate within 6 days after calving. This gives 
a gestation of almost 12 months. Ovulation takes place spontaneously once a 
year. The right ovary ovulates 61 per cent of the time and the left, 39 per 
cent. Only 3 of 62 pregnancies were twins. The ovum takes 6 days to trav¬ 
erse the oviduct, and no trans-uterine migration has been observed. Delayed 
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implantation is the rule, but there is slow and continuous growth of the 
blastocyst. In the pregnant female large follicles are present in the ovaries at 
3 months (i). 

The maximum size of the corpus luteum cells is 70 /x. This body retro¬ 
gresses quickly, and the corpus albicans has disappeared by 25 months. At 
the time of heat the outer layer of the vaginal wall is sloughed off; an 
invasion of leucocytes follows. At implantation there is another influx of 
leucocytes and some apparent sloughing. At estrus the uterine glands are 
active (i). Suckling lasts for 10 months (2). 

1. Rand, R. W. PZS., 124: 717-740, 1954-5. 

2. Rand, R, W. Union of South Africa Dept. Commerce, Indust. Div., Fish Invest. 
Rpts., 34: 1-74, 1959. 

Arctocephalus australis Zimmermann. On the Atlantic coast the pups, 
usually I, are born from December to January. On the coast of Chile the time 
of birth is November and December. The gestation period is about ii 
months (i). 

A, forsteri Lesson. The New Zealand fur seal breeds at age 3 years and 
the young, usually i, are born from November 10 to December 19 (2). 

1. Cabrera, A. and J. Yepes. Historia Natural Ediar. Mamiferos Sud-Americanos. 
Buenos Aires, 1940. 

2. Lucas, A. li. S., and W. H. Le Souef. The Animals of Australia. Melbourne, 1909. 


Callorhinus ursinus L. 
NORTHERN FUR SEAL 


Females of this seal of Arctic waters begin to mate successfully at age 3 
years but some not until 6 years (i). The earliest breeding age is 3 vears. 
At 4 years ii per cent are pregnant. The peak, reached at 7 years, is 78 per 
cent and then the rate decreases. The pregnancy rate of 4'year-olds and 
upwards is 60 to 70 per cent (2). The males breed at 4 years (3). The peak 
of the pupping season is in the second week of July, but the whole season 
spreads over 6 weeks or more. Heat follows parturition by 4 to 7 days; it 
lasts no more than a day and there is only one heat period. At this time 
the vulva is swollen and protruding while the vestibular mucosa and vaginal 
orifice are bright pink (4). The number of young is usually i, and females 
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approaching their first ovulation have large follicles in one ovary only. In 
the adults ovulation and implantation occur on the side that was inactive the 
previous year (5). Seven per cent of females are pregnant at the end of 
their third year; after the fourth year 57 per cent are pregnant, and at above 
5 years old 79 per cent carry pups. The sex proportion of 1,172 fetuses 
examined in April and May was 52.7 per cent males (6). Another figure 
for fetuses from January to July gave 50.9 per cent males (7). The loss 
between ovulation and parturition is about 24 per cent. Delayed implanta¬ 
tion is the rule, and the blastocyst is free in the uterus for 3.5 to 4.5 months. 
The corpus luteum persists for 21 months to 2 years (i). 

The males produce spermatozoa at 3 to 4 years and may be regarded as 
sexually mature at 5 or 6 years, but they do not assemble a harem until 
later in life (6). The breeding males go without food and water for 2 
months or more. At the height of the season a male copulates at the rate 
of over 3 an hour and maintains a rate of over i an hour for three weeks (4). 

1. Pearson, A. K., and R. K. Enders. AR., iii: 695-711, 1951. 

2. Abe^^glcn, C. H., and A. Y. Roppel. JWM., 23: 75-81, 1959. 

3. Enders, R. K. Trans. loth North Am. Wildlife Conf., 92-94, 1945. 

4. Bartholomew, G. A., and P. G. Hall. JM., 34: 417-436, 1953. 

5. Enders, R. K., O. P. Pearson, and A. K. Pearson. AR., 91(4): proc. 9, 1945. 

6. Kenyon, K. W., V. B. Scheffer, and D. G. Chapman. United States Fish and Wild¬ 
life Service, Sp. Sci. Rpt., Wildlife, 12: 1-77, 1954. 

7. Niggol, K. JWM., 24: 428-429, i960. 


Zalophus californiamis Lesson 
CALIFORNIA FUR SEAL 


The breeding season is from June 15 to July 15; the single pup is born 
in June (i). A report from the Galapagos Islands suggests a more extended 
season in that region, as pups of all ages were found on the rookeries during 
an observation period of 6 months (2). In the London zoo 12 births, all 
single, have occurred late in May or early in June (3). 

1. Rowley, J. JM., ro: 1-36, 1929. 

2. Heller, E. Proc. California Acad. Sci., 3: 233-250, 1904. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 
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Eumetopias jubata Schreber 
NORTHERN SEA LION 


The single pups are born from late May to late June and the females breed 
again soon afterwards. Over 70 per cent of adult females become pregnant 
(i). Another account gives the period of mating as from May 31 to July io» 
and parturition from May 24 to June 27 (2). 

1. Pike, G. C., and B. E. Maxwell. J. Fisheries Res. Rtl., Canada, 15: 5 "^ 7 » ^ 95 ^* 

2. Mathisen, O. A., R. T. Blade, and R. J. Lopp. JM., 43; 469-477, 1962. 


Otaria byronia de Blainville 
SOUTHERN SEA LION 


The males attain puberty at 5 years old and the females at the end of their 
fourth year. Parturition begins in December and continues to early January. 
Mating takes place soon after the pup has been born. Birth is during the 
night or early morning (r). Ovulation is probably spontaneous (2). 

The ripe follicle does not project appreciably from the surface of the ovary, 
but its presence is indicated by a darkening of the wall at the point where 
it will break through, and the thinning tissues in this region enable one 
to see the follicular fluid. The corpus luteum, too, does not project, and it 
disappears fairly rapidly after parturition. In its formation the granulosa 
cells and many leucocytes advance from dilTerent points on the periphery. 
There is no central cavity. The roughly wedge-shaped masses converge on 
a more or less central point and are supported by fibrous tissue derived from 
the theca externa. The mature corpus luteum measures 1.5 to 3.2 cm., while 
the follicles range from 0.07 to 2.3 cm. in diameter. The ovary is enclosed 
by a capsule with a small aperture to the body cavity, but immediately after 
ovulation the capsule fills with liquor folliculi so that at least during this 
period the aperture is almost entirely nonfunctional (2). From our knowl¬ 
edge of conditions in certain other species it is probable that much of this 
fluid is secreted by the cells of the oviduct. 
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The resting uterine epithelium is low-columnar to cubical, about 8.7 
high. At the time of estrus this layer may reach a height of 52 /a. The layer 
is marked by fairly widespread degeneration and cytoplasmic vacuolization 
but recovery is rapid during estrus, when mitoses are frequent. The stroma 
is edematous during the heat period but glands are few. Mitotic activity is 
considerable but it is a little later than in the epithelium. After ovulation 
the glands increase greatly but their lumens are smaller due to the larger 
cell size. Secretion is plentiful (2). 

The cycle of vaginal activity is one of growth, stratification, and destruc¬ 
tion. Cornification and mucification do not occur. The resting epithelium 
consists of 2 layers of almost cubical epithelium divided by a layer that stains 
less deeply. As the middle layers grow, the outer ones are sloughed off and 
leucocytes invade the epithelial coat (2). 

No indication of seasonal variation in fertility or testis size was found in 
the males, although, from June to August, spermatozoa were found in the 
ducts as well as in the testes. In winter spermatogenesis is greatly reduced 
but it is never entirely suspended (2). 

1, Hnmilton, J. E. Discovery Rpts,, 8: 269-318, 1934. 

2. Hamilton, J. E. Discovery Rpts., 19: 121-164, i 93 ^” 4 ^- 


Neophoca hoo/^eri Gray 
NEW ZEALAND SEA LION 


In the Auckland Islands the height of the pupping season is in the last 
week of December (i). 

1. Tiirbott, E. G. In F. A. Simpson, ccl., The Antarctic Today: A Mid-ccntury Survey. 
Wellington, 195-215, 1952. 


ODOBENIDAE 

Odobenus rosmarus L. 
WALRUS 


In Alaska waters the walrus breeds early in June and the young are born 
after a gestation of ii months. The males attain sexual maturity at 5 or 6 
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years and the females at 4 or 5 years (t). In the Kara Sea the mating season 
is from mid-April to the end of May (2). Other records give the gestation 
period as 250 to 255 days (3), and it is believed that delayed implantation 
is not usual in this species (4). 

1. Belopoljskii, L. O. ZZ., 18: 762-778, 1939. 

2. Cap.skii, K. K. Trud. Arkt. Inst., 67, 1936. 

3. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 

4. Scheffer, V. B. Seals, Sea Lions and Walruses. Stanford, Calif., 1958. 


PHOCIDAE 

PHOCINAE 

Phoca groenlandicu Erxleben 
HARP SEAL 

The males reach puberty at 3 years old and the females at about 4 years. 
In the White Sea parturition is spread over a 2V2'nionth period from late 
January to early April, but most are born from February 20 to March 5 (i). 
In the Canadian breeding regions the pups are born in the first week of 
March. Mating takes place 2 weeks after the young are born. Usually the 
left ovary ovulates first and then the two alternate. One pup is generally 
produced at a breeding period, and about So per cent of the adults become 
pregnant each year (2). The sex proportion of the pups is 53 per cent males 
(1). Delayed implantation is usual. The corpus luteum persists for amost 
10 years (2). 

1. Siverisen, E. Hvalradets Skrifter, 26: 1-166, 1941. 

2. Fisher, H. D. Canadian J. Comp. Med. Vet. Sci., 17: 305-313, 1953. 


Phoca hispida Schreber 
RINGED SEAL 


Puberty in the male is at 7 years and in the female in her seventh year. 
The first ovulation may be outside the usual breeding season (i), but the 
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females do not always become pregnant at this time (2). In Canada mating 
is from March to mid-May (i) while in European waters it is said to be 
from June to August (3). On Southampton Island the young are born mostly 
in March, with a few in April (4). The female ovulates during lactation, 
shortly after parturition, and the blastocyst implants 3^4 months later, in 
Canadian waters in early August. The corpus luteum changes its structure 
and increases in size at this time (i). In the southwest of Baffin Island about 
10 per cent of the females produce pups at 6 years old, 50 per cent at 7 years, 
and 75 per cent at 8 years. Almost 100 per cent of older females are fecund 
but there is a slow decrease with age. The average adult pregnancy rate is 
90 to 95 per cent and they probably cease to reproduce in their late twenties 
or early thirties (2). Another account states that the females reproduce only 
every other year and that the gestation period lasts for 8 months (3). 

1. McLaren, I. A. Bull. Fisheries Res. Bd. Canada, 118: 1-97, 1958. 

2. McLaren, I. A. In E. D. Lc Cren and M. W. Holdgate, eds., The Exploitation of 
Natural Animal Populations. Oxford, 1962. 

3. Selptsov, M. M. ZZ., 22: io(>~i28, 1943. 

4. Suttcjn, (j, M., and W. J. Hamilton, Jr. Mem. Carnegie Mus., 12(2): i-iii, 1932. 


Phoca vitulina L. 
HARBOR SEAL 


In the Wash region of England the majority of the pups are born in 
the pcritxl Irom June 19 to 23, and mating is in late July and August, about 
2 weeks after lactation ceases. Lactation lasts for 3 weeks only. Implantation 
is probably in late October or November. Puberty is reached probably at 
5 or 6 years old, at least in the bulls (i). In Nova Scotia the whelping period 
is in May and June, with its peak early in the latter month. The mating 
period is from late June to early July (2). In British Columbia the mating 
period is September and October, while the young are born late in May 
or in June (3). On Southampton Island the whelping season is late June or 
July (4). In Nova Scotia implantation takes place in September (2). 

Mature follicles measure 2.5 to 3.0 cm. and are present in late July. Near 
term the corpus luteum measures 1.8 to i.o cm.; it is degenerate at this time. 
It shows some signs of post-partum regeneration, as it does in the cat, but 
in a week it definitely retrogresses. Ovulation can be spontaneous in the 
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captive female and it may occur in the wild as early as May (i). In the last 
half of their second year of life the follicles of the young animal have begun 
to grow. The mature follicle measures i.o to 1.3 cm. and the ovum no to 
^35 The presence of a corpus luteum in one ovary suppresses follicular 
development in that ovary, so that they function alternately. The ovaries 
are enclosed in a bursa, and consequently the fimbria do not project. 1 he 
larger follicles have a marked theca interna enlargement (5). 

Evidence for the production of placental gonadotrophes during pregnancy 
is the existence of two periods of follicle stimulation. The first of these is in 
the week after implantation and until the embryo is 5 cm. long. The second 
begins before the fetus is 48 cm. long and it continues through the remainder 
of gestation and parturition (5). In addition the gonads of the newborn 
pups are enlarged. In tlic male pup the testes contain much interstitial cell 
tissue. The cells are 15 /a in diameter, nonvacuolated, granular, and eosino¬ 
phil. In the first two weeks they lose two-thirds of their weight. 1 he epididy¬ 
mis and prostate also are enlarged and soon diminish. The infantile ovaries 
are also hypertrophied and weigh 4.0 g. but they soon diminish to 1.2 g. 
The hypertrophy is entirely in interstitial cells; there are no large follicles. 
The uterine mucosa is active but it rapidly subsides and the glands become 
small, lose their lumens, and assume an inactive condition. At birth the 
vaginal epithelium is stratified but it sloughs ofT by the third day. The 
mammary glands are unafTected by these stimuli (i). 

The adult seminiferous tubules measure 200 to 250 /a in diameter. They 
show seasonal activity and are at their maximum in June (t). 

1. Harrison, R. J. Mammalia, 24: 372-385, i960. 

2. Fisher, H. D. Nature, 173: 879-880, 1954. 

3. Fisher, H. D. Bull. Fisheries Res. Bd. Canada, 93: 1-58, 1952. 

4. Sutton, G. M., and W. J. Hamilton, Jr. Mem. Carnegie Mus., 12(2): i-iii, 1932. 

5. Harrison, R. J., L. H. Matthews, and J. M. Roherts. TZS., 27: 437-540, 1952. 

Phoca caspica Gmclin. The Caspian seal has a mass puj^ping season in 
January followed by a mating season from the end of February to the middle 
of March (i). 

P. fasciata Zimmermann. The ribbon seal mates at the end of July and 
in August. The young are born after a gestation of 9 months (2). 

1. Bobrinskii, N. A. Mammals of U.S.S.R. Moscow, 1944. 

2. Selptsov, M. M. ZZ., 22: 109-128, 1943. 
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Halichoerus grypus Fabricius 
GRAY SEAL 


In the Scilly Isles this seal mates from mid-September into the first week 
of October and the young are born in September (i). On the Pembroke 
coast by far the greatest number of calvings were between September 13 and 
October 16; they were evenly distributed during the period (2). But occa¬ 
sional spring puppings, in late March, have also been observed in this 
region (3). On North Rona the peak of births is on October 9 and 10, with 
the commencement in September and the finish in mid-November (4). 
The age at puberty is 2 years (2) or 4 to 5 (5). Gonadotrophic stimulation 
of a placental type is evident, as the neonatal testes and ovaries are enlarged 
by hypertrophy of the interstitial tissue (6). The uteri of the newborn young, 
also, have thickened mucosa and several layers of epithelial cells. The glands 
are numerous and enlarged and they extend almost to the base of the 
endometrium. The vagina is filled with mucus and its epithelium is multi¬ 
layered (7). 

The ovaries are enclosed in a large bursa with a small opening. In conse¬ 
quence the fimbria do not protrude (6). As the pupping season procedes 
the proportion of male pups decreases. From October 14 to 27 it was 58.2 
per cent males, for the next two weeks 52.6 per cent, from November ii 
to 24 it was 50.1 per cent, and after that date 42.5 per cent. For the entire 
season the proportion in the 1,433 pups was 51.0 per cent male (8). 

1. Dnvics, J. L. PZS., 127: 161-166, 1956. 

2. Djvics, J. L. PZS., iig: 673--6Q2, 1949-50. 

Hackhoiisc, K. M., nml H. R. Hewer. PZS., 128: 593-594, 1957. 

4. Jioyd, J. M., and }. D. Lockc. PZS., 138: 257-277, 1962. 

s. Lockc, I. 1 ). In E. D. Le Cren ant) M. W. Holtlgatc, cds., The Exploitation of 
Natural Animal Populations. Oxford, 1962. 

6. Amoroso, E. C., R. J. Harrison, L. H. Matthews, and I. W. Rowlands. Nature, 168: 
771, 1951. 

7. Harrison, R. J., L. H. Matthews, and J. M. Roberts. TZS., 17: 437-540, 1952. 

8. Coulson, J. C., and G. Hickling. Nature, 190: 281, 1961. 
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Erignathus barbatus Erxleben 
BEARDED SEAL 


The males reach puberty at age 7 years and the females at 6. The pups 
are born about May i and the mating season is later in May. The embryos 
implant during a i^^-month period around early August after a delay of 
about i}/i months (1). Another account places the mating season in June and 
July, after the end of lactation, and gives a gestation period of 9 months 
with whelping every other year (2). Those which have given birth ap¬ 
parently fail to ovulate until the rut of the male is over, so that a 2-year cycle 
of pup production is established (3). One young is the prevalent number, 
and on Southampton Island the pups are born in April (4), 

1. McLaren, I. A. J. Fisheries Res. Bd., Canada, 15: 219-227, 1958. 

2. Selptsov, M. M. ZZ., 22: 109-128, 1943. 

3. McLaren, 1 . A. In E. D. I.e Cren and M. W. Holdgate, eds.. The Exploitation of 
Animal Populations, Oxford, 1962. 

4. Sutton, G. M., and W. J. Hamilton, Jr. Mem. Carnegie Mus., 12(2): i-iii, 1932. 


LOBODONTINAE 

Lobodon carcinophagtts Jacquinot and Pucheran 
CRAB-EATING SEAL 


Some females of this seal may become pregnant at the age of a few months 
more than a year. They reach puberty at a length of about go inches (i), 
or 81 inches (2). Spermato7,oa are present in the testes in October and 
November. In Graham Land the mating season is mid-December but a good 
many females mate before this time. The pups are born in September, after 
a gestation of 9 months. Singles are the rule; there is no record of twins. 
About 80 per cent of the adults become pregnant each year. The corpus 
luteum is large in the first half of pregnancy; there are no data for the 
second half but it persists for long after parturition, probably for life (i). 
Delayed implantation is probable (3). 
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The ovaries are enclosed by a bursa except for a minute opening near 
each cornu; this opening is plugged by the fimbria. There is no scar on the 
surface of the corpus luteum, which reaches 3 cm. in diameter. It is lobulated 
but the septa are short and vascularization seems to be slight until implanta¬ 
tion, though the granulosa lutein cells are well developed. Theca lutein cells 
are confined to the periphery. In color the corpus luteum is pale yellow and 
a central cavity seems to be common. The lutein cells measure about 30 ft, 
and their nuclei 8 ft. Late in pregnancy there is a heavy invasion of connective 
tissue and shrinkage (3). The neonatal testis is enlarged and interstitial cells 
are prominent (3). 

1. Bcrtnim, G. L. C. British Graham Land Exped., Sci. Rpt. i: 1-139, 1940. 

2. Laws, R. M. PZvS., 130: 275-288, 1958. 

3. Harrison, R. J., L. H. Matthews, and J. M. Roberts. TZS., 27: 437-540, 1952. 


Hydrurga leptonyx de Blainville 
LEOPARD SEAL 


In this sub-Antarctic seal the male reaches puberty in its third year and 
is mature by 4 years (i) or a year later (2). There is no indication of seasonal 
spermatogenesis. The female probably begins ovulating in her sSecond year, 
but this is not always so. She is usually pregnant in her third year. The 
mating season is in January, February, and perhaps March, with several 
ovulations at short intervals. The gestation period is about 8 months and the 
pups arc born over an extended season. Lactation is short (i). 

1. Harrison, J, E. Discovery Rpts., 18: 239-264, 1938-9. 

2. Laws, R. M. Saiigeiicrk. Mitt., 5: 49-55, 1957. 


Lcptonychotes weddellii Allen 
WEDDELL’S SEAL 


The females of this seal reach puberty at age 26 months, when they are 
about 85 inches long (i). Spermatozoa are present in the testes in September, 
October, and November. During the rest of the year the tubules have re- 
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gressed (2), No spermatozoa can be found in January. In the Ross Sea 
the pupping season is at its height by the third week of October (1). In the 
Bay of Whales the range is from October 5 to November 10, with October 
23 as the median date (3). In Graham Land it is a month earlier and it 
lasts for about a month (i). In the South Orkneys newborn pups may be 
found from the end of August on, but the season ends by September 22 (4). 
The season is later as one approaches the South Pole. The earliest ovulations 
occur in the second half of November, and mostly early in December. Gesta¬ 
tion lasts for about 10 months. Twins are rare; one case of binovular twins 
was observed in more than 100 births (i). Delayed implantation is probable 
(2). About 16 per cent of females fail to become pregnant each season (i). 
Lactation persists for 50 days (4). 

The ovarian bursa has a minute opening through which parts of the 
fimbria project. This opening enlarges during pregnancy (2). The female 
has an average of 6 pups during her lifetime. Ovulation alternates between 
the ovaries and the blastocyst usually implants on the side on which the 
ovum is shed. The atretic follicles are larger in the ovary with the large 
follicle than in the one with the old corpus luteum. The mature follicle 
measures 14 to 15 mm. in diameter. In the later stages of follicular growth 
the granulosa develops lobes that project into the antrum. The earliest signs 
of follicular atresia may be detected in the granulosa, particularly in the 
discus proligerus. The diameter of the corpus luteum is 25 mm. and this 
length is maintained throughout pregnancy. Healthy lutein cells measure 
25 /X, and the nuclei 7 to ro //,. They become vacuolated and the diameter 
rises to 45 to 50 /u, at the time of parturition and just after, yet the corpus 
luteum as a whole is shrinking at this time. The corpora albicantia do not 
persist throughout life (4). The fully developed corpus luteum is ellipsoidal 
in shape, with its greatest diameter about 25 mm. It remains full-sized 
throughout pregnancy and then rapidly declines after parturition, but it may 
be recognized in ovarian slices throughout the life of the animal. There is 
no new ovulation until lactation is completed, which takes about 7 weeks; 
then the discharge is usually from the ovary opposite to the previous one 
and the fetus lies in the corresponding horn (i). 

The uterine and vaginal pictures are complicated by the close association 
between parturition and breeding, but the height of the epithelium and 
glandular activity in the uterus is reduced in the intervening period (4). 

The neonatal testis and ovary are enlarged to the size of the maternal 
gonad, owing to hypertrophy of the interstitial tissue (2). Milk is present in 
the mammae of the new-born (i). 
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1. Bertram, G. C. L. British Graham Land Exped., Sci. Rpt., i: 1-139, 1940. 

2. Harrison, R. J., L. H. Matthews, and J. M. Roberts. TZS., 27: 437-540, 1952. 

3. Lindsey, A. A. JM., 18: 127-144, 1937. 

4. Mansfield, A. W. Falkland Islands Dependency Survey, Sci. Rpts. 18, 1958. 


MONACHINAE 
Monachiis monachus Hermann 
MONK SEAL 


Breeding commences at 4 years old. The pups are born from September 
to October and lactation lasts for 6 to 7 weeks. Mating takes place 7 or 8 
weeks after the pups arc born but the females have a pup only every other 
year. The gestation period is ii months. The evidence does not suggest that 
any spring births occur (i). 

I. Troitzky, A. Bull. Inst. Oceanogr. Monaco, 1032, 1953. 

Monachus schauinslandi Matschie. The Hawaiian monk seal mates from 
early March to early July and has i young (1). The pupping rate is 22 per 
cent or lower. They are born from late December to the end of June, mostly 
from mid'March to the end of May. The pups nurse for about 35 days (2). 

A/, tropkalis Gray. The young are born about the beginning of December; 
I is usual (3). 

1. Kenyon, K. W., and D. W. Rice. Pacific Science, 13: 215-252, 1959. 

2. Rice, D. W. JM., 41: 376-385, i960. 

3. King, J. E. Bull. British Mus. Nat. Hist., 3: 201-256, 1955-6. 


CYSTOPHORINAE 
Cystophora cristata Erxieben 
HOODED SEAL 


The age of puberty is 4 years (i). In the Newfoundland area the pups 
are born on the ice floes about the end of February (2). 
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1. Colman, J. S. J. Anim. EcoL, 6: 145-159, 1937. 

2. Lillie, H. R. Papers and Proc. 5th Tech. Meeting Internal. Union Protection of Na¬ 
ture, Copenhagen, 62-63, 1954. 


Mirounga leontna L. 
SOUTHERN SEA ELEPHANT 


The males of this species probably reach puberty at about 47 months but 
the testes continue to increase in size to 9 years, at least. The females usually 
begin to breed at 2 years, as the 3-year'olds are mostly pregnant (i). At this 
time they are about 2.6 m. long (2). There is a good deal of variation in the 
age at puberty; males in the Macquarie Islands are not fecund until 6 years 
old while those on South Georgia, in the same latitude, are fecund at 4 years. 
At the former site one-third of the females arc pregnant in their fourth year 
but a quarter defer breeding until 7 years. On south Georgia all 3-year-olds 
are pregnant (3). The testes and epididymides increase in August and reach 
a peak of growth in October. They arc again reduced by the end of De¬ 
cember. The period of mating begins about October 10 (2), about 13 to 24 
days after parturition. The females are probably polyestrous and, if pregnancy 
does not ensue at the first mating, the heat periods are repeated (i, 4). Coitus- 
induced ovulation is suspected (5), Six calves in a lifetime is the maximum 
reproductive life (2). The right ovary usually ovulates first (it did in 14 of 
ig instances), and after the first the ovaries alternate in producing the single 
ovum. No case of transuterine migration was observed. Delayed implantation 
is usual (i, 4), and it takes place 4 months after fertilization. The pregnancy 
lasts for nearly 12 months but in any one year 14 per cent of cows do not 
bear young. The newborn are 54.9 per cent males. The corpus luteum persists 
for over a year following parturition (1). The young are nursed for 3 weeks 
only (6). 

The females usually give birth to the single pup (twins arc most infre¬ 
quent) 5 days after they haul ashore, and the majority of them mate again 
during the last week of suckling. The onset of estrus is dramatically sudden 
and copulation lasts for about 5 minutes (5). 

The ovaries are enclosed in a bursa with a fairly large opening into the 
peritoneal cavity (r). Involution of the corpus luteum after parturition is 
rapid and several follicles develop in the opposite ovary, but only one reaches 
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maximum development. The site of rupture becomes a slightly bulging area 
marked with small blood vessels. The follicle is supported by several lines 
of thickened tissue forming buttresses. In follicles up to 12 mm. the liquor 
folliculi is jellylike; then it changes to watery with a greenish tinge. This 
change is regarded as a sign of impending ovulation. The mature follicle 
is 15 to 16 mm. in diameter, and the corpus luteum 16 to 18 mm. The presence 
of surface scars on the ovaries indicates previous ovulations (5). In another 
account the measurement of the ripe follicle at estrus is given as 2.0 cm., and 
the corpus luteum 2.3 cm. The lutein cells measure 30 to 50 /x. They contain 
a crescentic region around the nucleus that stains darkly with hematoxylin. 
At the time of implantation a number of small granules staining red with 
Heidenhain’s Azan appear. The corpus luteum has begun to regress at 
parturition. Subsurface crypts have been observed, but they are absent in 
specimens with ova in the free blastocyst stage. The germinal epithelium is 
not a source of new ova (i). 

The uterine epithelium is tall and pseudostratified at the time of estrus. 
Some ciliated cells are present. The glands measure up to i mm. long and 
50 to 75 M in external diameter. The stroma is slightly edematous at the time 
of heat. In nonpregnant mature females the uterus has small cornua, very 
smooth cuboidal epithelium, and straight, narrow glands with little or no 
secretory activity (i). At the time of implantation, in February, an implanta- 
tion cavity is formed in the uterine horn. The placental scar may still be 
recognized 3 or 4 months after parturition (5). 

At estrus the vaginal epithelium is stratified with tall, columnar mucified 
cells at the surface. Many leucocytes and lymphocytes are present and the 
stroma is slightly edematous. As ovulation time approaches, cornification 
sets in. At implantation there is desquamation and an extreme leucocytic 
invasion (i). 

The female fetal gonad hypertrophies and is mostly composed of interstitial 
cells containing much phosphatase. In the male fetus there is less hypertrophy 
and it is mainly confined to the seminiferous tubules (7). 

Virgin females arc not found at the mating grounds and it is not known 
where they mate. It has been suggested that they mate at sea with younger 
males at the same time as the parous females mate (8). 

In anestrum giant cells are found in the seminiferous tubules of the males. 
They are first formed in December and can be seen until April or May. 
Interstitial tissue is scanty but the cell size increases during the rutting season. 
The proboscis is a secondary sexual character and it is not completely grown 
until much later than 4 years old (i). The average harem consists of 40 to 50 



5o8 


MAMMALIAN REPRODUCTION 


females. Motile spermatozoa were present throughout the uterus within an 
hour of copulation (5). 

1. Laws, R. M. Falkland Islands Dependency Survey, Sci. Rpts., 15: 1-66, 1956. 

2 . Angot, M. Mammalia, r8: i-iii, 1954. 

3. Garrick, R., S. E. Csordas, and S. E. Ingham. CSIRO Australia Wildlife Res., 7: 
161-197, 1962. 

4. Gibbney, L. Nature, 172: 590-591, 1953. 

5. Gibbney, L. F. Australian National Antarctic Res. Exped., Sen B., i: 1-26, 1957. 

6. Garrick, R., and S. E. Ingham. Mammalia, 24: 325-342, i960. 

7. Bonner, W. N. Nature, 176: 982-983, 1955. 

8. Laws, R. M. Falkland Islands Dependency Survey, Sci. Rpts., 8: 1-62, 1953. 

Mirounga angustirostris Gill. The northern sea elephant breeds from 
January to early March and the young are born in mid-December after a 
gestation of about ii months. The heat period is relatively prolonged and the 
vulva is noticeably enlarged and swollen, especially ventrally (1). 

I. Bartholomew, G. A. Univ. California Publ. Zool., 47: 369-471, 1940-52. 
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ORYCTEROPODIDAE 

Orycteropus ajer Pallas 
AARD VARK 

I N the Belgian Congo this ant bear bred in April and May, at the end of 
the rainy season. The young, usually i but very rarely 2, are born in 
October or November after a gestation of about 7 months (i). Further south 
they are born in the winter, from May to July (2). In a specimen with one 
fetus two corpora lutea were present in the right ovary and three in the left. 
All appeared histologically to belong to the same gestation. These corpora 
lutea were pear-shaped, about 12 mm. long by 7 mm. wide. The free end 
was the larger (3). 

I. Urbain, A. Ann. Mus. Congo Beige, Tervueren, N.S. in 4°, Zool., i: 101-105, 1954. 
2. FitzSimons, F. W. The Natural History of South Africa. London, 1919. 
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ELEPHANTIDAE 

Loxodonta africamts Blumcnbach 
AFRICAN ELEPHANT 


T he male African elephant reaches puberty at age 8 to 12 years and is 
capable of breeding at all times of the year. The age of the female at 
puberty is about the same (i). The mating season is mainly in January or 
February (2). The single young are born after gestations of about 22 months. 
A lactation anestrum ensues and then a number of brief cycles until the 
female conceives. Lactation continues into pregnancy. The interval between 
parturition and conception is usually about the same length as the gestatiem 
period so that the calving interval is rather less than 4 years. Judging from 
vaginal smears the cstrous cycle lasts about 6 weeks. During pregnancy 
multiple ovulations occur. The corpus luteum of conception is replaced in 
mid-pregnancy by a second set produced by lutcinization of all the follicles 
possessing antra, but some of the larger ones ovulate. Follicular growth is 
suppressed in late pregnancy (i). 

The ovarian sac is composed of two compartments. The ovary is in the 
inner one while the oviduct opens on the inner, fimbrial, surface of the outer 
wall of the outer compartment. The ovarian periphery has numerous sub¬ 
surface crypts and papillose projections (i). The corpora lutea of pregnancy 
vary from 40 to 2 mm. in diameter. Usually 6 of them are above 20 mm. 
and there are from 20 to 30 smaller ones. All are histologically alike. The 
mid-pregnancy replacement comes near the normal mating season (3). 

The uterine horns fuse for some distance before their lumens join and the 
embryo implants in the region of fusion. In the nonpregnant female the 
endometrium is only slightly vascular. No fluid could be forced from the 
oviduct into the uterus. The utero-tubal junction contains a thick muscular 
collar (i). 

The long urogenital canal is like that of the hyaena except that it does not 
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penetrate the clitoris. At the time of estrus the urogenital smear contains 
more mucus than usual. Sometimes considerable amounts of blood were 
found (i). 

The testes weigh 2 to 3 kg. There is no clear connection between the 
activity of the musth glands and breeding condition. The tusks of the males 
continue to grow after puberty, but at a slower rate than before. The tusks 
of the female cease to grow soon after puberty (4). 

The late fetus shows a large development of interstitial tissue in the testis 
or ovary (i). 

1. Perry, J. S. TRS., 237B: 03-149, 1954. 

2. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

3. Perry, J. S. JE., 7: liii-lv, 1951. 

4. Perry, J. S. PZS., 124: 97 -^ 04 , 1954-5* 


Elephas maximus L. 
INDIAN ELEPHANT 


The Indian elephant is said to be polyestrous, and in captivity estrus 
lasts for 3 to 4 days (i). The young are born, one usually and rarely twins, 
from September to November, with a few at other times (2). The gestation 
period varied from 607 to 641 days in 6 observed cases, with a mean of 
623.5 days. An average of 25 cases gave 21 months, 3 days, with a range from 
17 to 24 months (3). 

The age at puberty is variously stated. One record shows that a male and 
a female were 9 and 8 years old respectively (4), another that a male rutted 
at 15 years and a female calved at 13 years (5). More extensive records give 
14 to 15 years for the male, and a calving age of 15 to 16 years for the fe¬ 
male (6). The zoo at Portland, Oregon, has had several successes in breeding 
elephants. Two females bred first at 5 and 7 years old, respectively. A female 
was born after a gestation of 634 days and a male after 635 days (7). The 
average elephant, in India, produces 4 calves in her lifetime (cS). 

In the wild the preorbital glands of the male swell chiefly from November 
to February (9). A male elephant which was dissected had testes, which are 
inguinal, weighing 2 kg. each. The seminal vesicles contained 1.5 liters of 
an opalescent gray fluid. The penis had no prepuce. The head length of 
the spermatozoa averaged 8.3 g, and the tails about 42 g (10). 
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Hyracoidea 

PROCAVIIDAE 

Dendrohyrax 
TREE HYRAX 


T'yENDROHYRAX arboretis A. Smith. Birth of a single young is recorded 
and the gestation period given as 225 days (1). There seems to be no 
particular breeding season and the number of young is i or 2, occasionally 
3 ( 2 )- 

D. dorsalis Fraser. The number of young is i or 2 and the gestation period 
probably less than 2 months (3). Pregnant females have been captured from 
November to January (4). 

1. Webb, C. S. The Odyssey of an Animal Collector. London, 1954. 

2. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

^ Mall.)raut, R., and A. Maclathy. Faunc dc I’Equateur Africain Frangais. Paris, 1949. 
4. Halt, R. T. AM., 72: 117-141, 1936-7. 


Hetcrohyrax 
ROCK HYRAX 


Hetcrohyrax chapini Hatt, A female with 2 fetuses was captured in De¬ 
cember (i). 

H. syriactis Schreber. In the Giza zoo the young have always been born 
in March or early April (2). The number has nearly always been 2. Fetuses 
well developed or near term have been reported in June (3, 4) and Au- 
gust (5). 

1. Halt, R. T. AM., 72: 117-141, 1936-7. 

2. Flower, S. PZS., 369-450, 1932. 
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3. Allen, G. M., and A. Loveridge. HCMZ., 75: 47-140, 1933-4. 

4. True, F. W. Proc. United States Nat. Mus., 15: 445-480, 1892. 

5. Lawrence, B., and A. Loveridge. HCMZ., no: 1-80, 1953. 


Procavia capensis Pallas 
ROCK DASSIE 


This South African dassie has a pedunculated corpus luteum (i). Pooled 
data on the number of embryos (2, 3) gave a mean of 2.44 ±: .054, with 
a mode of 2, and a range from i to 6. The young arc born in November and 
December (3). The gestation period (observed) is jYi months (4). In the 
London zoo births have been spread from June to November (5). 

1. Wislocki, G. B. JM., 9: 117-125, 1927. 

2. Wislocki, G. B., and O. P. van der Westhuysen. CE., 518: 65-88, 1940. 

3. van dcr Horst, C. J. Science, 93: 430, 1941. 

4. Murray, G. N. J. South Africa Vet, Med. Assn., 13: 27-28, 1942. 

5. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

Procavia hahessinica Hemprich and Ehrcnberg. Specimens with 2 or 3 
large fetuses have been taken in January (1). 

P. johnstoni Thomas. The young arc born from the end of December to 
the beginning of January, but observations do not cover the entire year (2). 
In Kenya the single young is born in the period August to November. 
Spermatcjzoa are present in the testis during December (3). 

P. riificeps Hemprich and Ehrcnberg. This species has at least 2 young 
to the litter (4). 

1. Allen, G. M., B. Lawrence, and A. Loveridge. HCMZ., 79: 31-126, 1935-7. 

2. Hatt, R. T. AM., 72: 117-141, 193^-7. 

3. Coe, M. J. PZS., 138: 639-644, 1962. 

4. Rode, P. Mammiferes Ongules de I’Afrique Noire. Paris, 1943. 



Sirenia 


DUGONGIDAE 

Dugong dugon Muller 

DUGONG 


I N Egyptian waters mating is in winter and the single young is born in 
the following winter (i). In Ceylon waters it breeds in the northeast 
monsoon, in the first few months of the year (2). 

I. Anderson, J. The Mammals of Egypt. London, 1902, 

2. Phillips, W. W. A. Ceylon J. Sci., 14B: 1-5, 1927-8. 


TRICHECHIDAE 

Trichechus mcinatiis L. 
MANATEE 


The manatee probably breeds all year (1). The single young, rarely 2, 
is born after a gestation period of at least 152 days (2). 

1. Moore, J. C. Am. Mus. Novitates, 1811: 1-24, 1956. 

2. Moore, J. C. JM., 32: 22-36, 1951. 
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Perissodactyla 


I ^OO few species of Perissodactyla have been studied to afford material 
for generalization. The Equidac all appear to be seasonally polyestrous. 
In both the horse and the ass the corpus luteum declines early in pregnancy, 
and gonadotrophins appear in the blood scrum. Other changes during preg¬ 
nancy are noteworthy and have been described in the section on the horse. 


EQUIDAE 
Equus caballtis L. 
HORSE 


The horse is seasonally polyestrous, with heat periods commencing early 
in the spring and continuing, if unbred, well into the summer. The periods 
are very variable in length, averaging about 22 days, with a heat lasting about 
7 days. Ovulation is spontaneous, and it occurs toward the end of heat. The 
mare has a very high F.S.H. content of the anterior pituitary, higher than 
that in any other domestic animal. One young is usually born at a time, 
and twinning very frequently results in abortion. The period of gestation 
is about 330 days, but seasonal or feed factors cause great variation, more so 
than in any other species. Histological changes in the reproductive tract are 
not very marked during the cycle. Ovulation occurs from a restricted portion 
of the surface of the ovary known as the ovulation fossa. The time of service 
within the heat period has a great influence upon the chance of conception; 
the later it occurs, the greater is the chance. 

There is very little recorded information on the age at puberty. The testes 
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of Anglo-Norman horses in Japan weigh about 10 g. at birth. They do not 
increase in weight until 10 months; then they increase slowly to 16 months, 
when a rapid increase sets in. However, there are considerable individual 
differences. Fifty per cent of males with single testis weight of 30 g. are 
fertile and 100 per cent at 90 g., when the stallion is about 24 months old (i). 
In 3 Korean marcs the first estrous cycles appeared at 16 to 17 months old 
and they were soon fertile. The usual age of puberty in the female may be 
taken as 20 months (2). A record from Senegal for Barb-Arabs and local 
mares gives the age at first heat as 8 months (3). 


THE ESTROUS CYCLE 

The seasonal cycles begin about March and usually continue, in the unbred 
marc, into August, but many will breed in the fall and winter in England. It 
is said that in the tropics 2 welkdcfined breeding seasons tend to occur (4). 

At Onderstepoort, South Africa, light farm mares maintained in stables 
and with restricted exercise had estrous cycles all the year, but there was a 
decline in April and May. From June to March they were regular but 
tended to be much less so at other times (5). The length of the cycle is very 
variable, and the means given (see Table 6) vary from 19 to 22^4 days. 
From the data it is impossible to draw the conclusion, as some have done, 
that heavier mares have a longer cycle than light ones; more extensive data 
gathered under comparable conditions are needed to settle the point. The 
duration of the heat period is also very variable, and the averages range from 
4Vi to 9 days; but a great deal depends upon the method of testing for heat 
and on the statistical analysis of the data, since the mare is apt to go out of 
heat for a short period and to come in again during what is evidently one 
full heat period (6). The length of life of the corpus lutcum appears to be 
about 15 to 17 days, and one set of data in which the coefheients of variation 
are given shows that the length of the heat period is about twice as variable 
as that of the interval between heats (7). A similar calculation of another 
set of data (6) gives a C.V. of 49 for the heat period, and of 26.4 for the 
interval between heats. Thus, the corpus luteum has a relatively constant 
length of life in the marc. It is said that heat is i day shorter if the mare is 
suckling, and that it tends to be 1V2 days longer in March, at the beginning 
of the season, than in July. There is no constant difierence with age or 
breed (8). 

Whatever the length of heat, ovulation bears a closer relation to its end 
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than to its beginning. The symptoms of heat begin to decrease 6 to 12 hours 
after rupture of the follicle (9), and this, i.e., rupture, occurs in Korean mares 
about 1.6 days before heat totally ceases (10). It has been found also that 76 
per cent of all corpora lutea are first detected from the day before to the day 
after heat ceases. These figures apply to Belgian and grade Thorobred 
mares (6). In an extensive series, mainly of ponies, 64.5 per cent of mares 

Table 6. Length of the Estrous Cycle in the Mare. 


LENGTH OF CYCLE, DAYS j LENGTH OF ESTRUS, DAYS 



Mean 

Staml- 

ard 

Devia¬ 

tion 

Range 

Mean 1 SiaiKi 

1 ard 

1 Dcv'ia- 
1 tion 

Range 

Heavy mare, { 1 1 ) 

10.1 



7.0 .16 

2.22 

2-16 

Belgian drafi (12) 

20.1 


Mode 20, 

60 per cent 

18-22 

5-2 


Mode 5, 

1-14 

Thorobreds (13) 

- 0-3 — -5 

7-5 

78 per cent 
1.3-25 

4.96 ± .13 

2.47 

Most 4-7 

Percherons (7) 

20.Q4 




5.00 

8.9 


Perchernns (14) 

|2t.4 





Light (12) 

22.0 


Mode 19, 

60 per cent 
18-21 

5-5 

Motle 3, 

1-37 

Mixed breeds (15) 

22.52 


56 per cent 
IC>-24 

4.52 ± .04 


73 per cent 

^-5 

Scmivvilcl Korean 
(8) 

22.86 ± .33 

2,78 


8.98 ±; .25 

2.68 

Mode 10 

Thorobreds, etc. 

(8) 

22.79 ~ *12 

4.44 


7 -S 3 

2 - 5.3 

Motle 6-8 

Ponies, etc. (i) 

22.55 


14-32 

6.18 


Mode 6 


ovulated one day before the end of estrus and 25.4 per cent on the second 
day before. On the last day 8.4 per cent ovulated. The right ovary ovulated 
in 55.6 per cent of cases (i). The first signs of estrus occur when the largest 
follicle measures i to 2 cm. At the time of ovulation it is about 4 cm. (r, 16). 
If the graafian follicle is ruptured artificially on the second day of heat, no 
corpus luteum is formed, and a new heat begins in a few days. On the other 
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hand, artificial rupture on the fifth day is followed by corpus luteum for¬ 
mation, and the next heat period occurs at the usual time (17). This may 
demonstrate the importance of the maturation process in preparing the 
granulosa cells to luteinize, or it may mean that the pituitary is not able to 
secrete luteinizing hormone early in estrus. 

Various anomalies in the heat period, such as the split esfrus already men¬ 
tioned, physiological estrus in which the usual anatomical changes occur but 
not the psychological state of receptivity, and ovulation after the cessation 
of heat, have been described (18). 

Breeding has no effect upon the length of heat nor upon the time of 
ovulation (15, 19). The left ovary functions more frequently than the right. 
In a series of 185 ovulations 61 per cent were from the left (6). 

The “foal” heat follows soon after parturition, and the mean interval has 
been given as 9.13 ±; .05 (15), 9.7 ± .3 (ii), 11.3 (7), and 11.4 (12) days. It 
has begun in 75 per cent of cases by the fourteenth day after foaling (12). In 
another series foal heat followed parturition by 8.6 days; it lasted 5.6 days, 
and the mean ovulation time was 12.9 days after parturition (1). 

The notorious infertility of mares has raised the question of the relation¬ 
ship of the time of service to ovulation. In a long heat period can the sperma¬ 
tozoa deposited early survive until ovulation has occurred? There is a 
tendency for services early in the heat period to be less successful than those 
made later, though mid-heat appears to be the best time. One record gives 
29 per cent fertility on the first day of heat against 45 per cent on the second 
to fourth days (20). Another record gives practically no difference on the first 
3 days of heat and after that a falling off (21). Neither of these trials takes 
into account the lengths of the individual heat periods. In a study in which 
this was considered there was no fertility from services earlier than 7 days 
before the end of heat, 75 per cent success at 4 days before, and later than 
that a reduction (22). Insemination prior to ovulation was 86 per cent 
successful; at the time of ovulation, 74 per cent; and 2 to 10 hours after 
ovulation, 30 per cent (23). Successes have even been reported if insemina¬ 
tion was delayed to 12 to ^ hours after ovulation (24). Another report 
gives no success 2 to 4 hours after ovulation (25), but it seems that in some 
cases the egg can be fertilized for at least 20 hours after it has been shed. Yet 
another gives 12 to 15 hours as the limit for the ovum, because insemination 
at 18 hours after ovulation was without success. At from 2 to 10 hours after, 
39 per cent conceived. From i to 2 hours after, the rate was 55.2 per cent, and 
up to 48 hours before ovulation it was 71.2 per cent (26). 

The time required for the passage of the egg through the oviduct was found 
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in the case of one mare artificially ovulated by means of pregnancy urine 
to be 96 hours. This ovum was found in the last part of the oviduct (27). 

Double ovulations, i.e., the rupture of more than one follicle in a heat 
period, have been observed in 3.8 per cent of cases (6), and twin pregnancies 
in 3.2 per cent (28) and 1.6 per cent (29). In the first instance only 0.5 per 
cent twins were born, the remainder were aborted or one of the twins died; 
and in the second, two thirds terminated in abortion or miscarriage. A report 
of English Thorobreds in Russia gives 5 per cent of twin conceptions and i 
per cent births, and also records that two-thirds of the sets of twins born are 
of opposite sexes (30). This report also states that the average incidence of 
twin births in general is 0.57 per cent. A very extensive scries gives 1.5 per 
cent of twin births (31); another, i.r per cent (32); and another, T.23 per 
cent (33). Evidently the mare is unable, as a rule, to carry twins through 
gestation. One account states that of 443 twin pregnancies 281 aborted and 
only 297 viable foals were born. Of these 130 were twin pairs and 37 singles. 
Seventeen pairs may have been monozygotic (34). 

The sex proportion of the horse at birth has been extensively studied, and 
the literature has been reviewed in a paper dealing with the sex proportion 
of hybrids. This work points out that most of the earlier data, obtained from 
stud books, give a proportion of less than equality, 4Q.6() ± .002 per cent 
males, in a series of more than a million records. A summary of records 
obtained from experiment stations gave 52.52 ±: .05 per cent males, so the 
proportion is probably a little above equality and similar to that found in 
other species (32). 

The duration of gestation is extremely variable, with breed averages rang¬ 
ing from 329 to 345 days; the standard deviation is usually about 9.5 days. 
There is a tendency for the lighter breeds to have the longer gestation; hence 
the saddle horses tend to carry their foals longer than the draft horses. 
There is general agreement that a gestation terminating in the winter is 
about 20 days shorter than one ending in spring, a surprising difference. 
Gestations ending in fall and summer are a little shorter than those ending 
in spring. Males tend to be carried 1.6 to 2.0 days longer than females, 
and twins 10 days less than singles. Age has little effect, but the gestation 
period tends to be slightly shorter between the ages of ii and 13 years (33). 
A mare carrying a mule foal tends to have a period 10 days longer than she 
would have had if she had been served by a stallion of her own breed (35, 36). 
This is a little less than midway between the periods of the horse and ass. 
As the reduction in an ass carrying a hinney is about the same, it suggests a 
maternal influence on the length of gestation, since if the difference were 
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due to the inheritance of the hybrid, each gestation should be midway be¬ 
tween those of the parents. 


HISTOLOGY OF THE FEMALE TRACT 

OVARY. The ovary of the mare presents several interesting features, one 
of which is the ovulation fossa, or groove, from which the eggs are liberated. 
Another is its hypertrophy in the fetus during gestation, and another, the 
limited life of the corpus luteum during pregnancy. At birth the ovary weighs 
about 20 g., and at this time a great deal of the interstitial tissue which de¬ 
velops in the fetal ovary has undergone lipid degeneration (37). Graafian 
follicles are fully formed and the filly usually comes in heat for the first time 
at about ii months of age (6). Eight to nine large follicles are produced at 
each cycle, as a rule, bur only one normally ruptures; the rest undergo de¬ 
generation (19). The weight of the mature resting ovary is about 40 to 70 g.; 
it is largest at 3 to 4 years of age, and then gradually diminishes (38). 

The ovary of the young mare is much like that of other mammals, with the 
follicles distributed over the whole ovary. The poles, however, grow inward 
toward each other, and the ovary becomes covered by a serous coat, leaving 
only the groove between the poles in which ovulation can occur. This is the 
ovulation fossa. Small iollicles and ova are distributed throughout the stroma, 
but they migrate to the fossa as they mature (39). 

The maturing follicles are from 1 to 3 cm. in diameter at the beginning of 
heat, and the one which will rupture rapidly grows to about 5 to 6 cm. 
Palpation of follicles is fairly easy as they are large in relation to the rest 
of the ovary, but they cannot usually be detected until i to 2 days before the 
beginning of heat (6). During heat the ovary becomes intensely congested, 
a condition which may be felt as a softening of the stroma (19), but the 
follicles themselves are tense, even on the first day (6). 

Ovulation is spontaneous and is accompanied by a breakdown of blood 
vessels and considerable bleeding into the cavity. The corpus luteum rapidly 
forms and is bufi-colored when it is new. It persists for 2 to 3 cycles but can 
be distinguished from the latest one by its darker color. When it is fresh, 
secondary liquor folliculi is found at the center (38). It is pear- or toadstool¬ 
shaped with the stem toward the fossa, and its diameter is one-half to three- 
fourths that of the follicle (19). At the time of follicular maturity the 
granulosa cells are increasing in size. Theca interna cells show a few mitoses 
and they lose their glandular appearance as they invade the granulosa. By 6 
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days the cavity is filled and theca externa cells begin to pass into the corpus 
luteum. The organ is at its maximum at 14 days; then it gradually dimin¬ 
ishes (40). 

VULVA AND VAGINA, The mucous membranes of the labia, vagina, 
and cervix become more intensely pink during heat, and congestion is more 
marked, but the best diagnostic sign is the moist and glistening appearance 
of the vaginal mucosa at the time of heat. This passes off rapidly after ovula¬ 
tion (41). 

The growth of the vaginal epithelium is not so cyclical in nature in the 
horse as it is in many species. Mitoses may be found at any time, but they 
are most frequent during heat. Cornified cells tend to increase in number at 
this time, but as a layer they are never very prominent. The polyhedral cells 
of the mid-epithelial zone are largest during heat and smallest at 5 to 10 days 
of diestrum. Leucocytes are present at all times, but they are most numerous 
during heat and are least so at 5 to 10 days of diestrum (6). 

The vaginal smear is indefinite, as would be expected from the epithelial 
changes. It is most abundant during heat, and at that time the cornified cells 
tend to increase, but none of the cellular changes are constant enough to be 
of diagnostic value (6, 42, 43, 44). The amount of mucus begins to increase 
I to 2 days before heat, the increase continues to ovulation, and at the same 
time its viscosity is lowered. The volume is lowest and the viscosity is great¬ 
est at 5 to TO days of diestrum (6). 

UTERUS, There is no well-marked cervical canal, but the os uteri is well 
defined, with large folds on the ventral side and a powerful sphincter muscle. 
There are no tubular glands in the cervix, but epithelial mucous cells are 
abundant. The os uteri is partly open during the second half of the heat 
period, and at this time the mucous cells arc swollen. Two days after ovula¬ 
tion these cells have become cubical, but they still contain a fair amount of 
mucus. At 8 days postestrum there is little secretion, and the subepithclial 
layer of blood vessels has become reduced. At the beginning of heat the cells 
lengthen, more secretion is present, the connective tissue becomes looser, 
the blood vessels increase in number, and many leucocytes invade the cer¬ 
vix (38). 

The uterine mucosa is brownish yellow to pinkish yellow. The muscle 
layers merge into each other, and the long, tubular glands are more numerous 
in the horns than in the body of the uterus. The connective tissue tends to 
be loose, with large lymph spaces. The uterine cells are not ciliated. Changes 
during the cycle arc minor only. The uterus is turgid at the beginning of 
heat, and flaccid toward the end (38, 45). The epithelium is highest during 
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the later stages of heat and at 5 to 8 days of postestrum. On the first day of 
heat the cells are columnar with some pseudostratification, a condition which 
increases throughout heat. Minor changes only occur in the glands; they are 
most active late in heat and at 5 to 8 days postestrum, and least so between 
these times. The cells are highest and the diameter of the glands is greatest, 
at 5 days postestrum. Leucocytes are present at all times (6). 

OVIDUCT, The oviducts are 30 to 70 mm. long, and are 4 to 8 mm. thick 
at the ampulla and 2 to 3 mm. thick at the uterine end. They have a dense 
muscular coat and very many mucosal folds. The subepithelial capillaries 
arc small 2 days before heat and enlarge throughout that period. In dicstrum 
the epithelial cells are cubical, but during heat they become columnar and 
are filled with secretion. Leucocytes invade the stroma in the heat period (38). 


PHYSIOLOGY OF THE FEMALE TRACT 

As was mentioned above, the vaginal mucus is most abundant during 
heat. The pH of this mucus is 8.15 on the first day and 7.9 on the last day 
of estrus. Corresponding figures for ihe cervical mucus are 7.75 and 7.85 (6). 
In dicstrum the vaginal pH was from 7 to 7.5; in proestriim it was 8; and 
in estrus, 9. It began to fall rapidly at the moment of ovulation. During 
esirogendnduccd heat the pH rapidly increased to 9 (46). 

The amount of estrogen in the liquor folliculi has been studied in follicles 
ranging from i cm. to 5.5 cm. in diameter. The fluid is aspirated fairly easily 
from the follicles by a hypodermic needle inserted through the rectum. The 
amount of estrogen in a follicle varies with its volume, but the quantity per 
100 cc. remains about the same regardless of the volume. The results found 
vary from 2,050 to 2,625 R.U. per too cc. The pH of the liquor folliculi 
varies from 7.6 to 8.1, and it tends to rise with the size of the follicle (47). 
The estrogens in the follicle arc estrone and estradiol-17/?. The level of the 
former is 2.3 Mg/100 ml., and of the latter, 33.8 Mg/ioo ml. (48). The excre¬ 
tion of estrogens in the urine rises during and just following heat. There 
is evidence of two peaks, one during heat and one at 10 to 15 days postestrum 
(4), the latter of which may be related to the decline of the corpus luteum. 
It is noteworthy that a similar peak has been reported by some workers as 
occurring in man a short time before menstruation. The decline of the sexual 
skin in other primates is further evidence that there is a fall in the circula¬ 
tion of estrogens at this time. At the time of estrus 17-ketosteroid excretion 
reaches the level of 160 mg. per 24 hours, range 51 to 314 (49). 
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The excretion of estrogens during pregnancy can first be detected at from 
30 to 40 days, when it is about 250 R.U. per liter. It rises to 17,000 R.U. per 
liter, or more, as the 260th day, after which the quantity rapidly falls as 
pregnancy nears its end (50). Estrone and equilin are the principal compo¬ 
nents, with equilenin a minor one. The equilin level rose from 4 to 5 months 
until it equaled or surpassed that of estrone in the later months of preg¬ 
nancy (51). 

It is a disputed point whether progesterone or pregnanediol is present to 
an appreciable degree in the blood or urine of the pregnant mare. One re¬ 
port on serum progesterone is negative (52), and one gives the level of 
pregnanediol in the urine as rising rapidly after 100 days of gestation (53), 
while another worker was unable to detect it (54). 

The mare is remarkable in that her blood serum contains at a certain stage 
of pregnancy large quantities of a gonadotrophic hormone. This first ap¬ 
pears at about the thirtieth day, is at a maximum at 45 days, remains high 
to 115 days, then rapidly declines and cannot be detected after 160 days 
( 5 ^» 55 ‘“ 5 ^)* peak 50,000 R.U. per liter, or more, arc present in the 

serum. It appears to be formed in the tissue comprising the endometrial cups 
(59). It is found in the highest concentration in the smaller breeds of mares 
and may be four times as high in Welsh ponies as it is in draft mares (60). 
Its level has been studied in many breeds. It was found to be highest in 
Thorobreds and lowest in Jutland mares (6t). The blood scrum of mares that 
have been covered by asses and are pregnant with mules does not contain 
this gonadotrophe (62, 63). The active substance closely resembles F.S.H. 
in its biological activity. 

Other peculiar phenomena occurring during pregnancy may be related to 
the appearance of this substance. At about the thirty-fifth day the corpora 
lutea of pregnancy degenerate. They are followed by a large crop of corpora 
lutea which, in their turn, degenerate by 150 days. These are formed partly 
by direct lutcinization and partly by the rupture of follicles (64), though 
some of them appear to be formed by the lutcinization of theca interna cells 
with degeneration of the ovum and granulosa. They are a rich source of 
progesterone. After 150 days the ovaries become atrophic and fibrotic (65). 
These organs may be removed at 200 days without interruption of the 
pregnancy. After the operation estrogen excretion falls but it soon rises 
again to its normal level, and it is maintained within the normal range for 
the remainder of the pregnancy (66). 

The ovaries of female fetuses from 5 to 9 months after conception weigh 
120 to 150 g., compared with 20 g. at birth. During this time they are almost 
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Fig. I. Diagram of events tliiring gestation in the marc. 


a solid mass of interstitial cells (37). Fetal testes follow a similar curve of 
growth and decline (67) and contain large islands of interstitial tissue. These 
increases occur at the time when the maternal ovaries are devoid of lutein 
tissue. These fetal gonads do not contain detectable amounts of progesterone, 
but estrogens are present in a fairly high concentration (37). 

The general relationship is, therefore, that the corpus luteum of pregnancy 
degenerates as serum gonadotrophin appears. The latter apparently causes 
new corpora lutea to form. When the serum gonadotrophin disappears, these 
corpora lutea degenerate and the maternal ovaries become inactive. The fetal 
gonads now increase enormously in size and remain large until near the 
end of pregnancy, but there is no evidence that they have taken over the 
functions of the maternal ovaries. The growth and decline of the fetal gonads 
correspond with changes in estrogen excretion in the mother’s urine. It 
would be interesting to know whether their growth and decline are associated 
with changes in the kind and quantity of gonadotrophic hormones in the 
fetal pituitaries, especially as the reaction resembles a response to the luteiniz¬ 
ing hormone. 

The anterior pituitary of the adult horse is exceptionally high in F.S.H., 
but is somewhat low in L.H. content (68). Pituitaries of old mares and old 
geldings have a strong F.S.H. elTect when they are implanted into immature 
rats, while stallions’ pituitaries give a less strong F.S.H. effect. Young non- 
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pregnant mares and young geldings give an L.H. effect, but that given by 
the pituitaries of colts and fetuses is mixed. Pituitaries from mares early in 
pregnancy are low in gonadotrophins. As pregnancy advances their potency 
rises, followed by a slight decline at about mid-pregnancy (69). 

By exposing mares to increasing amounts of light each day during winter 
they may be brought into estrus by as much as two months earlier than 
usual (i, 70). 

Estrus may be induced in the ovariectomized mare by a single injection 
of between 30 and 50 mg. of estrone benzoate or of 0.25 to 2.5 mg. of 
stilbestrol. For the latter substance 67 per cent of mares came in estrus with 
the lower dose but 100 per cent success was not achieved until the higher 
one was given (i). 

The optimum dose of estrogen to produce heat is 5,000 M.U.; higher 
doses are less effective. The optimum dose of “prolan” (P.U.) to induce 
ovulation is 1,000 to 2,000 M.U. (71). At the beginning of heat two injections 
of 500 M.U. of prolan given at a 5- to 6'hour interval induced ovulation at 
an average of 44 hours after the first injection. The mares remained in heat 
an average of 46 hours after ovulation, and the total length of heat was 
about half the normal time. The injections accelerated the ripening of the 
follicle and ovulation, and the treated mares were slightly more fertile than 
untreated ones (72), Pony mares may be ovulated at any time, if moderately 
large follicles are present, by the injection of t,ooo M.U. of prolan. If this is 
done during heat, the ovulation occurs 22 to 30 hours after injection and the 
mare goes out of heat afterwards. If the injections are made outside estrus, 
ovulation occurs without heat 36 to 60 hours later (27). P.M.S. in doses of 
500 to 1,000 M.U. given on 3 to 4 successive days produced heat and ovula¬ 
tion if the injections were made during early or mid-diestrum. It was without 
effect during anestrum, and so were injections with horse pituitary extract 
at this time (25). 

The size of the living tubal egg is 133 fi, and the zona pellucida is 13.2 
thick (73). 


THE MALE 

The ejaculate of the stallion varies from 50 to 200 cc., and the number 
of spermatozoa varies from 4 to 13 billions. The average ejaculate is about 
125 cc., and the average number of spermatozoa is about 8 billion (74). The 
pH of the semen varies from 6.94 to 7.51, with an average of 7.31 (75). An- 
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other observer gives an average pH of 7.23 (76). Three fractions may be 
observed; the first is a grayish fluid, about 19 ml., which contains no 
spermatozoa. The second, the spermatozoon fraction, is from 30 to 75 ml., 
and the third, a viscous fluid mixed with gelatinous material and containing 
few spermatozoa, represents from one-third to two-thirds of the entire 
ejaculate (77). The spermatozoa are able to travel at the rate of 3 to 4 mm. 
per minute. They live for less than 6 hours in the vagina and for 12 hours in 
the uterus, but the data are insufficient for us to be sure that these times are 
even approximate (75). 

A single observation has shown that spermatozoa may remain alive in 
the male tract for at least 3 weeks, as they were found in a stallion gelded 
for that length of time (78). The length of the epididymis is 72 to 86 meters, 
and the number of ejaculatory ducts is 12 to iS (79). The dimensions of 
the spermatozoon are as follows: head, 7.0 jx (6.i-8.o) X 3.9 /a (3-3-4-6); 
midpiece, 9.8 /n (9.2-11.5); and total length, 60.6 /^t (57.4-f)3.o). The spermato¬ 
zoon has a characteristically curved tip and lacks a head cap (80). 

The urine both of the stallion and of the mare contains a large variety 
of sterols which appear to be metabolic products of the gonadic hormones. 
Stallions’ urine is an exceptionally rich source of estrogens, since that of 
immature males contains 1,000 to 10,000 M.U. of estrogen per liter, and that 
of adults, 20,000 to 50,000 M.U. The titer is highest in spring and summer and 
is lowest during the winter (81), The free estradiol content per liter is 
5 mg. (82). This is about equally divided between estradiol-17^ and 
estradiol'i7«, while the content of estrone is 20.7 mg. per liter. There are only 
traces of all three in the urine of geldings (83). 

The semen contains citric acid to the extent of 15.2 mg. per lOO ml. and 
ergothionine, 6.7 mg. per 100 ml. A little of each of these compounds may 
be found in the oviducts by 50 minutes after mating (84). Inositol is present 
in the semen plasma to the extent of 38 mg. per 100 ml. In the ampullar 
secretion there are 93 mg. per 100 ml. (85). 
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Equus asinus L. 

ASS, DONKEY 

The female ass reaches puberty at one year of age. The breeding season 
is limited as it is in the horse; some jennets experience cycles from March 
to August, and some for a longer period. In South Africa the breeding season 
is from the second half of October to the first half of April (i). In Japan the 
ass breeds from April to September. During December and January there 
is absolute rest; the other months are transitional (2). The estrous cycle lasts 
21 to 28 days, and heat 2 to 7 days (3). In Japan the mean duration of estrus 
was 6.0 zh .6 days, range 3 to 14. The duration of the whole cycle was 22.8 ±; 
.1 days, range 13 to 31 (2). Another account gives a mean cycle length of 22 
days, mean duration of heat 4.7 days, with ovulation usually in the last 
third (4). In a limited series ovulation occurred about 6.6 days after the 
beginning of estrus, or 1.4 days before its end. Most females ovulate once 
but a few shed 2 or 3 ova. At the beginning of heat the largest follicles 
measured i.o to 3.0 cm., and on the day of ovulation the largest were 3.0 to 
4.5 cm. in diameter. Ovulation is spontaneous (5). The foal heat occurs 
modally 17 and 18 days after parturition, with a spread from 6 to 69 days (4). 
In Mississippi foal heat sets in 2 to 8 days after foaling and lasts 2 to 6 days; 
ovulation is approximately 48 hours before the end of heat (^). One young 
is usually born at a time. The period of gestation is about 365 days, but it 
is 8 to 12 days less if the jennet is carrying a hinney (6). 

The ovaries are relatively small. Follicles are arranged in rows, develop 
at the cranial pole, and move caudally. There is no ovulation fossa at first; 
later the polar ends of the ovaries grow disproportionately, curve toward 
each other, and the ovulation fossa comes into being. Ovulation docs not 
occur at each heat period, especially in younger females. Blood is extravasated 
in the ruptured follicle, as it is in the mare. The corpus luteum is very in¬ 
conspicuous at parturition (i), so that one may suspect that the peculiar 
series of reactions observed in the mare during pregnancy occur also in the 
jennet. 

The labia swell during heat, and at this time blood-stained mucus is pro¬ 
duced (i). The vagina during heat contains abundant mucus, which lique¬ 
fies and flows as heat progresses. The cervix becomes relaxed, flabby, and 
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dark red, and it frequently shows hemorrhagic spots during this period. It 
is slightly narrower and longer than it is in the mare. It protrudes far into 
the vagina and is situated close to the floor. In open jennets it is rather 
tortuous, even during heat, but during the foal heat it is wide open (3). The 
vaginal smear is similar to that of the mare and it is not a reliable criterion 
of the reproductive state of the animal (7). 

Gonadotrophins may be detected in the blood from 40 to 200 days of preg¬ 
nancy (8). On the fiftieth day, 5,000 to 10,000 M.U. per liter have been 
found, but the level falls too low for accurate pregnancy diagnosis after the 
150th to i6oth day of gestation (9). Another report gives a positive reac¬ 
tion for serum gonadotrophins from 47 to 117 days. It lacks consistency at 
other times (10). 

Estrogens can be found in the urine from 50 days of pregnancy onward. 
At this time about 1,000 M.U. per liter arc present. The amount increases 
to 70,000 M.U. per liter at loi days; it then decreases but docs not fall much 
below 1,000 M.U. per liter (9). By the Cuboni test estrogens may be detected 
between 132 and 301 days of pregnancy. Before and after these times the 
results were either doubtful or negative (ii). It would be interesting to 
know whether the ass has the same variety of estrogens as the horse. 

The semen is more milky and more turbid than that of the stallion. In 
color it is brownish yellow and it contains almost no gelatinous material. 
The average volume of an ejaculate was 49 ml., range 10 to 80; and the 
total number of spermatozoa was 23.75 X io‘', range 6.1 to 44. The pH of 
the semen ranged from 7.2 to 7.7. The volume and sperm count are lowest 
from October to December (12). In other reports the volume has been from 
70 to 115 ml. (13), or 40 to 100 ml. (3), or a mean of 54 ml. The concen¬ 
tration of spermatozoa was from 95 to 2()4 million per ml. in a group of jacks 
in which the mean volume was apparently on the low side (14). In species 
in which a large proportion of the ejaculate comes from the accessory 
glands the mean number of spermatozoa per unit volume is likely to be 
very variable. The siicrm concentration of jack's semen is higher than that 
of stallions (3), and the total output at an ejaculation seems to be greater, 
as it varies from 8 to 21 billions (13). 

The dimensions of the spermatozoon are as follows: head length, 6.9 /a 
( 6.5-7.6); head width, 3.96 /a (3.3-4.h); midpiece, 9.9 At (9.4-10.4); total 
length, 64.1 /A (61.8-66.4) (15). 

1. Kupfer, M. Union of South Africa, Dept, of Agric., Dept, of Vet. Education and 
Res., 13th and 14th Rpt., 1211-1270, 1928. 

2. Nishikawa, Y., and Y. Yamasaki, japanc.se J. Zootech. Sci., 19: 119-123, 1949. 
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Eqtius burcheUi Gray 
BURCHELL’S ZEBRA 

In South Africa births take place from July to September. The period 
is apparently more prolonged in the Okovango disirici and rather later in 
the Transvaal (i). In the London zoo births have been distributed through¬ 
out the year except for November to March (2). The gestation period is 
between 11 and 12 months (3). 

1. Ansell, W. F. H. PZS., 134: 251-274, i960. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Brown, C. E. JM., 17: 10-13, 1936. 


Equiis hemionus Pallas 
ONAGER 


In the region west of the Indus River the onager usually foals in the 
months from June to August (i). In the London zoo the single young has 
always been born in June or July, mostly in the latter month (2). In eastern 
Tibet the breeding season is from August to September and foaling about 
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July (3). The gestation period is about ii months (4), Puberty is reached 
in the females at age 2 to 3 years, and in the males a year later (5). 

1. Blanford, W. T. Tlie Fauna of British India. Mammals. London, 1888-91. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Schafer, E. Zool. Garten, 9: 122-139, 1937. 

4. Sallim, A. J. Hornlmy Nat. Hist. Soc., 46; 472-477, 1946-7. 

5. Bannikov, A. G. Zeit. vSiiugetierk., 23: 157-168, 1958. 

Eqiius grevyi Oustalet. Grevy’s zebra has given birth to young in the 
London zoo at all times of the year, with a peak in July and August (i). 
The male has no special rutting season and the gestation period is 390 
days (2). 

E. quagga Gmelin. The quagga has an extended foaling season but most 
young are born in October or November (3). In the male the age at puberty 
is 3 years and in the female, 4 years (4). 

E. zebra L. The mountain zebra has one young after a gestation of 12 
months (5). In the London zoo they have been born at all seasons except 
from September to January (i). 

1. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

2. Riley, E. H. United States Dept. Agric., Bur. Animal Ind., 26th Ann. Rpt., 229, 1909. 

3. 1 l.miilton, J. S. Animal Life in Africa. London, 1912. 

4. Triimlcr, L. Siiugcticrk. Mitt., 5 (suppl. i): 1957. 

5. FitzSimons, F. W. The Natural History of South Africa. London, 1919. 


TAPIRIDAE 

T apirus 
TAPIR 


Taptrus hairdii Gill. This Central American species usually has i young; 
twins are rare (i). They breed in March and the period of gestation is about 
4 months (2). 

T. indicus Desmarest. The Asiatic tapir has i young, born in November 
or December, probably every other year (3). The gestation period is about 
13 months long (4). 

T. terrestris L. The Brazilian tapir breeds before the beginning of the 
rains. The single young (5) is born after a gestation of 397 ih 2 days (6). 
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In the London zoo young have been born from February to May and in 
August and October (7). 

1. Hall, E. R., and K. R. Kelson. The Mammals of North America. New York, 1959. 

2. Gaumer, G. F. Mamiferos de Yucatan. Mexico City, 1917. 

3. Sanborn, C. C, and A. R. Watkins. JM., 31: 430-433, 1950. 

4. Brown, C. E. JM., 17: 10-13, 1036. 

5. Cabrera, A., and J. ^q)es. Hisloria Natural Ediar. Mamiferos Sud-Americanos. 
Buenos Aires, 1940. 

6. Baker, A. B. JM., i: 143-144, 1920. 

7. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

RHINOCEROTIDAE 

Diccrorhinus suinatrcrisis Fischer 
ASIATIC TWO-HORNED RHINOCEROS 

This species is said to reach puberty at age 20 years. It mates from July 
to August and has a single young after a gestation of 7 months (i). 

I. Thom, W. S. J. Bombay Nat. Hist. Soc., 44: 257-274, 1943. 


Ccratothcriiim 
WHITE RHINOCEROS 


Ccratotherhim simiim Burchell. This African species breeds at any time 
of year and the single young is born after a gestation of 17 to 18 months. 
Puberty is reached at 4 to 5 years old (i). 

C. unicornis L. This Asiatic species reaches puberty at 4V2 years old; it 
has heat periods at intervals of 40 to 50 days and a gestation of about 488 
days. These observations were made at the Whipsnade zoo (2). In India 
matings have been observed from February to the end of April (3). 

1. Lang, H. New York Zool. Soc. Bull., 23: 66-92, 1920. 

2. Tong, E. PZS., 130: 296-299, 1958. 

3. Gee, E. P. J. Bombay Nat. Hist. Soc., 51: 341-348, 1952-3. 
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Dicer os bicornis L. 
BLACK RHINOCEROS 


This African species has no regular season (i), but breeds mostly from 
November to December (2). The gestation period is about 530 to 550 
days (2). 

1. Roosevelt, T., and K. Heller. Life Histories of African Game Animals. New York, 
1914. 

2. Wilhelm, J. H. J. South West Africa Sci. Soc., 6: 51-74, 1933* 



Artiodactyla 


ATUCH more work is needed before one can make many generaliza- 
tions regarding reproduction in Artiodactyla. In general, it may be 
said that species living in temperate regions tend to be seasonally monestrous 
or seasonally polyestrous, but in the tropics reproduction may take place 
at any time of the year. There are, however, many exceptions. 

In Cervidae, the deer, species from temperate regions are seasonally rnon- 
cstrous, breeding in late fall or winter in most cases, but tropical species tend 
to breed at any time of the year, even when they are brought into temperate 
regions. It is not clear whether they are monestrous or polyestrous in the 
tropics, and more information is needed on this point. Antler shedding is 
due to high testosterone levels; antler growth is independent of sex steroid 
hormones except that the growing buds need an initial stimulus that is given 
by testosterone. In the tropical species the antlers arc shed at any time of the 
year, but this is said not to occur annually in all species. Possibly each indi¬ 
vidual has is own rhythm of testicular activity. 

In the Bovinae all species investigated tend to be polyestrous throughout 
the year, but in their natural habitats they probably all breed at a fairly 
definite time. The Caprini, sheep and goats, are seasonally polyestrous, 
mainly in the fall, but some breeds of sheep have a much more extended 
season than others. In general, antelopes breed at any time of the year, but 
this may not be true of the Neotragini, the pygmy antelopes, and of the 
Alcelaphini, the hartebeests and gnus. 

The Bovinae and, to a lesser extent, the Caprini are remarkable for the 
low level of sex-hormone production and excretion which seems to prevail, 
though more information is desirable on these facts in all mammals. At 
present they are certainly at the bottom of the list. 
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SUIDAE 

Potamochoerus porcus L. 
RIVER HOG 


In French Guinea from 4 to 6 young were born in February or March (i). 
They usually farrow in the rains, from October to March, and have 2 to 6 
young, usually 3 or 4 (2). An August pregnancy was reported from the 
Belgian Congo (3). In the London zoo births of from i to 4 young have 
been recorded in January and from June to October (4). The gestation 
period is 4 months (5). 

1. Primicr, —. Mammalia, 10; 146-148, 1946. 

2. Ansell, W. F. H. PZS., 134: 251-274, i960. 

3. Frcchkop, S. EPNU., 1944. 

4. Zuckerman, S. PZS., 122: 827-c>50, 1952-3. 

5. Rode, P. MammiftTcs Onj^ulcs dc I’Afriqnc Noire. Paris, 1943. 

Potamochoerus larvatus Cuvier. This hog has 5 to 8 young, born usually 
in December or January (1). In Madagascar pregnancies have been observed 
from April to June and young from September on (2). The gestation is 
about 130 days (3), 

1. Fdt/Simons, F. W. The Natural History of South Africa. London, 1919. 

2. Kaudern, W. AZ., 9(1): r-22, 1914. 

3. Kcrbert, C. Bijd. Dierkunde, 22: 185-191, 1922. 


Siis scrofa L. 
PIG 


In Morocco the wild pig has from 5 to 8 young, usually born in winter 
or spring (1). In Russia puberty is during the second year; most breeding 
is from November to January and 3 to 5 is the usual litter size, though it 
may be as high as 10. Gestation lasts 4 months (2). In Iraq breeding is 
from April to May and the litter is 4 to 5 (3). Domestic pigs were released 
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by Captain Cook in New Zealand and doubtless their descendants have been 
joined by others. They have flourished in a wild state and breed all the 
year round, with an average of 6 to 10 to the litter. The males breed at i 
year old and the females at 10 months (4). 


THE DOMESTIC PIG 

The pig has a cycle of about 21 days, which recurs all the year round. 
The duration of heat is about 2 to days. Ovulation is spontaneous. Heat 
does not occur during lactation. The changes in the reproductive tract are 
not great, but, owing to the case of obtaining material, excellent accounts, 
some of which are classical, have been written on the cyclical changes. The 
sow occupies an intermediate position among the domestic animals in re¬ 
gard to gonadotrophic hormone content of the pituitary. The duration of 
gestation is about 112 to 115 days. Many hermaphrodites are found in this 
species. 


THE ESTROUS CYCLE 


Age and weight at puberty vary considerably with breed and management. 
For Large Black and Large Whites in South Africa the age for sows was 
219 zt 1.7 and 217 ±: 2.T days, respectively. For both the mode was 210 days 
and the range t6t to 346 days. The mean weight was 177 ±: 3 lb. for both 
breeds and the mode 170 lb. with a range from 100 to yo lb. (5). For Large 
Whites in Britain the average age was from G\A to yYz months, but gilts 
born in spring and early summer were in breeding condition earlier than 
those born later in the year (6). In Germany an average age of 6.37 months 
has been reported (7). An average age for Chester Whites and Poland 
Chinas was 204 days (8), and the weight was 212 lb. for the former and 
224 lb. for the latter (9). For crossbred Landrace X Poland-Durt)C 1S6 it 16 
days has been given (10). For Duroc-Jerseys the age was 195 :.t 16.5 days and 
the weight 196 ±27 lb. (ii). In the Philippines Berkshires have averaged 
5 months, 16 days old at puberty (12). In small type pigs the average was 
208 days and the weight 189.5 lb. For large type pigs the corresponding 
figures were 199 days and 199.3 lb. (13). 
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The length of the estrous cycle and its component parts have been studied 
in some detail; the results are summarized in Table 7. The modal length is 
20 to 22 days (18). In South Africa, as in Europe and America, the cycles 
extend throughout the year; they tend to be a little shorter in gilts than in ma¬ 
ture sows. Ovulation can occur on either day of heat but it is more frequent 
on the second day (19). A slaughter experiment showed that in 7 sows killed 
before 30 hours from the beginning of heat no follicles had ruptured, but 
when killed at from 30 to 36 hours, 6 of 7 sows had ruptured follicles, though 
the process of ovulation was not complete in all cases (20). The South 
African data for Large Blacks gave the time of ovulation as from 40 to 54 
hours; the Large White data varied from 18 to 36 hours (5). In Japan the 
time was found to be 31 ±: 5.5 hours after the onset of heat (14). Another 


Table 7. Length of the Estrous Cycle in the Sow 



CYCLE 

LENGTH, 

DAYS 

DURATION OF PHASES: 

PKOLSTRUM, 

HOURS 

135 - 75 

LS7RUS, 

llOVRS 

METhSTRUM, 

HOURS 

Large Hlacks in 

Soutli Africa (5) 

tl 

Gilts 

62 it .6 

Sows 

6S 2 t .6 

10 0 it .32 

Large Wlntcs in 

South Africa (5) 

21.0 Tt .22 

14 I it .66 

Chits 

47 6 i: .5 
Sows 

40 0 ± .() 

9.6 ± 3 

Pigs in japan (14) 

20.6 


(hits 

54 7 

Sows 

70 


Large Hlacks in 

France (15) 

21.2 :± .2 




Large Whites in 
France (15) 

20 4 -L 6 




Ccrin.ai pigs (16) 

20 7 ±1 .2 




Poland China (17) 

21-22 


Gilts 

40-46 

Sows 

65 
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account gives the beginning as 32 hours after the onset of heat and the dura¬ 
tion as I to 3 hours (21). 

The time of ovulation has been studied, not only by the method of 
slaughter and observation, but also by the use, at definite intervals, of double 
matings involving two inherited colors. By this means it was found that 
most eggs are shed at about 36 hours from the onset of heat and that all have 
been shed by the forty-eighth hour (22). Another similar study gave much 
the same results (23). 

The left ovary appears to be slightly more active than the right. Observa¬ 
tions on 14 sets of corpora lutea gave a mean ovulation rate of 15, of which 
51.9 per cent were shed from the left ovary (8). A more extensive series 
which included 469 sows gave 55.3 per cent of ovulations from the left (9). 

There is frequently a post-partum heat, usually not accompanied by ovula¬ 
tion. It occurs at about 44 hours after parturition but the time is variable (5). 
Apart from this, lactation heats are rare; cycles are resumed soon after the 
young are weaned. The mean length of the interval is 7 days, and it tends 
to be I day longer if the lactation was short (26). 

Pigs inseminated on the day before estrus began gave 9.8 per cent of ferti¬ 
lized ova; on the first day 68.8 per cent were fertilized; on the second, 98.2 
per cent; and on the third day, only 15.2 per cent (27). Matings made a 
few hours after the onset of heat were 63.0 per cent fertile; those made on 
the second day were 65.8 per cent fertile (28). Matings made the day after 
the sow had gone out of heat were 20 per cent fertile, and later matings 
were completely infertile (29). Mating on the second day as well as the 
first increased conceptions from 66 per cent to 89 per cent, but the increase 
in litter size was small and uncertain. Fertilization appeared to be an all-or- 
none process (29). 

The rate of travel of the ovum through the oviduct has been worked out 
on material in which the oviducts were divided into five parts. The number 
each part was obtained and expressed as a percentage of the whole. 
As the average time for the complete passage is 3 days (^o), this percentage 
gave an approximate idea of the rate of travel in the dilTcrent portions of 
the tube. Passage is rapid through the first two-fifths, very slow through the 
next two-fifths, and rapid through the last fifth (31). This method probably 
gives too short a duration for the first part of the travel owing to a time lag 
in obtaining the specimens after slaughter, but the error is not great enough 
to invalidate the general conclusion. Another account gives the time of pas¬ 
sage through the utcro-tubal junction as at 24 to 48 hours after ovulation 
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instead of 72 hours and suggests that the large number of corpora lutea in 
the ovaries hastens the passage (32). 

The fecundity of the sow varies much with the breed. The litter size of 
the wild pig is said to be usually 4 (33), and from this low point the average 
extend to 12.0 for the Large White Yorkshire. Climate or some other environ¬ 
mental factors influence the fecundity, since in the Philippine Islands several 
breeds average from i to 2 pigs less than they do in the United States (34). 
Young pigs have smaller litters than older ones; the maximum fecundity 
is reached at the fourth to sixth litters. The first litter averages about two 
less than the maximal size (35, 36). This is partly due to the age of the sow, 
since those having their first litters at the usual age average one less than 
those littering for the first time a year later. It has been found in the rat that 
reproduction is, in itself, a stimulus to fecundity, and this seems to be true 
also for the pig, as those which have been continuously reproducing are more 
fecund than those of the same age which arc producing their first litter. An 
interval of 9V2 to 10 1,4 months between the first and second litters increases 
the litter size by 1.6 pigs over sows with an interval of 4^2 to 5J4 months 
between litters, but the di(Terence is not statistically significant. Litters born 
in the early spring tend to be larger than those born at other times of the 
year, and the smallest litters arc those produced toward the end of the 
year (37). 

One of the major problems in pig breeding is the wastage caused by loss 
of eggs and by fetal atrophy. This may be as high as 33 per cent or more. 
There is some reason to believe that it may be largely due to the action of 
genetic factors (3S). Another is the number of stillborn pigs. The loss from 
this cause averages about 6 per cent. It is greater in litters with prolonged 
farrowings, and most of the dead pigs are born in the second half of the 
litter to be farrowed. Many of them have attempted to breathe but have 
smothered while they were still in the uterus. There is some evidence that 
the incidence of stillbirths may be reduced by an injection of pituitrin when 
farrowing begins (39). 

The duration of gestation shows a difference with the breed, but the 
average for the lowest recorded. Middle White, 112.1 zt .6 days is not far 
from the highest, Poland China, 116.0 ±: .08 days (40, 41). All the data are 
in agreement on this point, and it is hardly worth while further to sum¬ 
marize them. However, the wild pig is said to have a mean gestation period 
between 127 and 128 days (42). The mode for domestic pigs is close to the 
mean, the standard deviation is usually about 3 days, and the differences for 
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age of sow, litter sequence, and litter size are not significant (43). Seventy- 
three per cent of farrowings occur between 2 p.m. and 4 a.m. (44). 

The sex ratio of pigs at birth is 49.56 per cent males for a large series of 
records. The sex ratio has attracted some attention because it has been found 
that stillborn pigs have a much higher ratio of males, while that for fetuses 
increases at the younger ages. Extrapolation of the curve of fetal sex ratios 
a ratio at conception of 60 per cent males, sufficiently remote from 
the equality demanded by current genetic theory to be interesting (45). The 
phenomenon is, as yet, unexplained. Another unexplained peculiarity of the 
sex ratio is that more litters with nearly equal proportions of the sexes are 
born than would be expected if the results were due to chance (46). 


HISTOLOGY OF THE FEMALE TRACT 

OVARY. Multilayered graafian follicles appear in the ovaries of the gilt 
at about 7 weeks of age. At 15 weeks vesicular follicles appear, llic blood 
supply to the medullary region increases markedly when multilayered fol¬ 
licles appear, and to the theca externa of individual follicles when the antra 
arc formed. Stimulation with gonadotrophes is without effect before vesicular 
follicles are present (47). In the breeding sow the follicles about to rupture 
measure 7 to to mm. in diameter. The granulosa layer is 6 to 9 cells deep 
and the theca interna is 0.09 to o.i mm. thick. The ripe follicles are clear 
and semitransparent and stand out from the ovary like a bunch of grapes. 
When the follicle ruptures, a considerable amount of liquor folliculi escapes 
and the follicle collapses. There is a slight eversion of the granulosa and 
theca interna and a slight oozing of blood. The membrana propria breaks 
down, with the result that the sharp line of demarcation between granulosa 
and theca is lost. The latter grows inwards, starting at the apices of the folds 
into which it has been thrown by the contraction of muscular fibers in the 
theca externa. The thecal cells divide by mitosis, and the granulosa cells en¬ 
large. By the seventh day of the cycle the corpora lutea measure 8 to 9 mm., 
and in the second week their maximum size of 10 to ti mm. is reached. 
Degeneration of the corpus luteum is rapid at the end of heat and at parturi¬ 
tion (48). At first the corpus luteum is pinkish in color, but at the end of 
di^strum a rapid change takes place with the degeneration of the capillaries, 
and the color becomes a primrose yellow, changing to yellow-brown as 
resorption advances. The cellular changes in the corpus luteum of pregnancy 
have been described in great detail (49). At the time of ovulation the theca 
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interna cells hypertrophy and the capillaries are dilated while this layer 
folds into the cavity (50). During development of the corpus luteum fine 
argyrophil fibers penetrate at the vascularization stage. These move from 
the theca to the granulosa layer and then encircle each lutein cell. In the 
regression stage they disappear and the amount of collagen fibers increases 
(51). Alkaline phosphatase is present in both theca and granulosa cells (52). 
Between the filteenth and eighteenth days the change from purplish to yellow 
or cream yellow is rapid. The rupture point is visible until day 12, and 
vascularization collapses at day 18 (5). Prior to rupture the follicle is not 
marked by a papilla but there is a change in color from light red to dark 
red (5). 

There is a double wreath of blood vessels in the theca externa and theca 
interna. That of the theca interna grows directly into the granulosa at 
ovulation, but that of the theca externa merely enters the developing corpus 
luteum in the folds of tissue. No lymphatic vessels arc present until 2 days 
or more after ovulation; these structures are the first to degenerate and are 
not found later than 16 to 17 days after ovulation. The capillaries and venules 
are the next to degenerate (53). 

VULVA. During diestrum the labia are contracted, the muscles are tight, 
and the walls are pink and moist. Hie latter swell during early heat and 
become red internally. Late in heat they become flabby, the muscles are fully 
relaxed, the mucosa is still red, and some mucus is present. During metestrum 
the labia revert to the diesirous stage, but a good deal of mucus is present 

(24). 

VAGINA. During diestrum the basement membrane of the epithelial 
layer is indistinct; there are 3 to 6 layers of cells with but few leucocytes 
between them. In early heat the basement membrane is distinct, the epithelial 
layer is actively growing and is now 10 to 15 cells thick, with low-columnar 
cells at the surface. Blood vessels are distended and the stroma is edematous. 
In late heat the basement membrane has again become indistinct, the number 
of layers of epithelial cells has increased to 14 to 26, cornification is evident, 
and leucocytes have wandered between the cells. During metestrum des- 
c|uamation is in evidence, and leucocytes are abundant, but cornified cells 
are not present in great numbers. Many of the cells show vacuolar degenera- 
tion (24, 54). 

The vaginal smear is not a good indication of the reproductive state. There 
is more mucus during heat, especially late in the period, and the proportion 
of leucocytes tends to increase. In early diestrum many of the epithelial cells 
are vacuolated, more so than at other times (54, 55). 
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UTERUS, The uterine stroma becomes edematous in late diestrum. This 
increases during proestrum, becomes less intense during heat, and rapidly 
disappears during metestrum. Leucocytes are to be found at all stages but 
are more frequent from late diestrum to 4 days postestrum. The epithelial 
cells grow and become pseudostratified, owing to the crowding of the nuclei, 
during proestrum and continue in this state to about 1 week postestrum. 
They show vacuolar degeneration during proestrum but have become normal 
in appearance by late heat. Cilia arc present only in the crypts and glands 
(24, 30). They do not appear to fluctuate in numbers during the cycle (56). 

The amount of cervical mucus is greatest in proestrum and early estrus, 
while reducing substances are greatest in amount near estrus. Large, vacuo¬ 
lated epithelial cells are much in evidence during metestrum (57)' The 
periodic-Schiff positive material is absent from the uterine wall in the 8 
days immediately following estrus. Then, until the next estrus, it may be 
found in the glandular epithelium and the myometrium. In the surface 
epithelium it is present at 12 days after estrus: then it increases for a time 
but has disappeared by estrus. It is entirely absent from the uterus of the 
ovariectomized sow (58). The course of endometrial development in the 
immature female has been described (59). 

The oviduct enters the horn of the uterus as a continuous passage, i.e., 
without any angle. There is no sphincter, but the mucosa projects in a 
number of firigerlike folds. The whole structure is like a rosette with the 
oviduct opening through the center. These projections are edematous just 
after heat, and at this time the pressure needed to force fluid from the uterus 
into the oviduct increases from 50 to 155 mrn. of mccury. The pressure 
needed to force fluid from oviduct to uterus varies only slightly. It is about 
25 mm. of mercury (60). 

The ciliated epithelium of the oviduct is 25 /x high during and just after 
heat; it declines to 10 ja in the second week of diestrum and then gradually 
grows to the maximum during the third week. The nonciliated cells are 
smooth in the first week of the interval, and in the second numerous cyto¬ 
plasmic processes, like those described for other species, including the cow, 
are extruded (61). 

PITUITARY. During the heat period the basophil ic cells of the anterior 
pituitary lose their granules, which were abundant during proestrum. They 
also contain many granules during the early lutein phase, but not in the 
middle and late lutein phases. Degranulation of the eosinophils also occurs 
during heat (62). The gonad-stimulating hormone can first be detected in 
the anterior pituitary of the fetus at a crown-rump length of 17 to 18 cm. 
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(63). Its appearance coincides with a large increase in the number of baso¬ 
philic cells (64), 


PHYSIOLOGY OF THE FEMALE TRACT 

The uterine muscle of the sow has been intensively studied. During heat 
there is great spontaneous activity. Two kinds of contractions are found, 
large ones at intervals of 1.5 to 2.5 minutes, with superimposed smaller con¬ 
tractions of short duration. During metestrum (tubal ova) they are more 
irregular, and the minor waves are more pronounced than the major ones. 
In mid-diestrum the irregularity has increased, and the short waves are even 
more in evidence (65, 66). The muscle uses most oxygen at 3 days before 
ovulation, and least at 4 to 18 days after ovulation (67). The muscle con¬ 
tracts in response to pituitrin and relaxes to adrenalin at all stages of the 
cycle (68). 

The muscle of the oviduct is most active during, and just after, heat (69). 
At this time the contractions occur about 13 to 15 per minute as measured 
during insufflation. In diestrum they occur 5 to 9 per minute, but their 
amplitude is greater (70). 

Intra-uterine migration of the ova is a usual phenomenon in the sow. If 
one ovary is removed, 42 per cent of the embryos which develop are found 
in the horn of that side. There is also a tendency in the normal sow for the 
number of embryos on each side to be equalized (25). 

The estrogen content of large graafian follicles is about 900 R.U. per kg. 
of liquor folliculi, while corpora lutca contain from 25 to 78 R.U. per kg. (71). 
The occurrence of estrogenic substances in the urine during pregnancy is 
peculiar. From 19 to 30 days 1,000 to 3,000 M.U. per liter arc found, their 
first appearance being rather sudden. Then they disappear almost entirely, 
to reappear about the seventieth day. After this they rise gradually in amount 
and just before parturition 5,000 to 10,000 M.U. per liter are found. After 
parturition they disappear rapidly. These facts have been amply confirmed 
(72, 74). The content of chorionic tissue exactly parallels that of the urine, 
though at a lower level (75), and the gonadotrophic hormone content of the 
pituitary is in inverse relationship. This is highest during proestrum, falls 
abruptly at ovulation, and is very low during diestrum. During pregnancy it 
reaches a maximum from 30 to 75 days (76). These relationships raise some 
interesting questions which deserve further study. 

The estrogen content of urine in the nonpregnant sow is, for estriol, 0.4 
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to 1.1 /x/1.; for estrone, 0.5 to i.o /x/l.; and for estradiol, 0 to 0.5 /a/1, urine. 
In pregnancy the level rises to a maximum of 17.4 /a/1, for estriol; 131*0 /a/1. 
for estrone; and 3.2 /a/1, for estradiol. The estrone is almost entirely in con¬ 
jugated form (77)* Another report states that there is no significant quantity 
of estradiol or of estriol in nonpregnant urine (7H). In ovariectomized sows 
at least 0.5 mg. or, better, i.o to 1.5 mg. of stilbestrol is needed to induce 
cstrus (79)* If a single dose of 30 to 50 mg. of estrogen is injected in the 
period from days 5 to 18 of the cycle a condition of ancstrum lasting for 
several months ensues (80). 

Pregnanediol excretion of the nonpregnant sow is 5.0 mg./l.; about two- 
thirds of this is in conjugated form. In pregnancy the level rises to 34 mg./l., 
and the amount is related to the number of fetuses (Si). The corpus luteum 
contains appreciable quantities of progesterone during the first 3 days after 
ovulation, before the lutein cells are fully differentiated. The content rises 
until 15 days, after which it falls abruptly and soon cannot be estimated. 
During pregnancy it rises rapidly to 20 days, then continues to rise slightly to 
105 days, after which the fall is rapid (82). The amount of prtigcsterone 
secreted by a single corpus luteum is about 4 mg. daily. At least 5 arc needed 
to support pregnancy whatever the number of fetuses. After hysterectomy 
the corpora lutea persist for 87 days (84, 84). The follicular fluid of a sow 
near ovulation contains 8 }-ig of progesterone per ml. (85), If progesterone is 
injected from day 15 of the cycle onward, 25 mg. delays cstrus for ^ to 5 
days, while 50 mg. suppresses it entirely for some time (8()). 

The anterior pituitary contains less F.S.H. than that of the horse, but 
more than that of the sheep. Its L.H. content is variable, but it is nlwavs 
below that of the sheep (87, 88). The F.S.H. level is lower at 2 davs before 
heat than at heat or early proestrum or in pregnancy. The level is high at the 
eighty-fifth day of pregnancy (89). The gonaclotrophe level is high in day- 
old females; then it decreases to 225 days, after which it is constant. The 
lowest titer is at the time of puberty (90). 

There is no relaxin in the ovary at the follicular phase, but a little is 
present in the lutein phase. The amount increases rapidly in early pregnancy 
to a level of to,ooo Cj.P.U. per gram of tissue. It may also be detected in 
the blood at this time (91). 

Maturation of the ovum begins 5 hours after the onset of cstrus and the 
second metaphase is reached just before ovulation (92). The cumulus is shed 
by 8 hours after mating (93). The ova remain fcrtilizable for 12 to 18 hours 
after they have been shed, but if they are fertilized as late as this the rate 
of embryonic mortality rises (5). By the use of sex-chromatin techniques it 
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has been shown for 7 intersexes that all were genetic females (94). Tables 
have been constructed giving the prenatal growth of pigs (95). 


THE MALE 

Primary spermatocytes first appear in the testes at about 84 days and 
secondary spermatocytes at 105 days, and by 147 days spermatozoa are present 
(96). Another account gives the appearance of spermatids at 90 days and of 
spermatozoa in the epididymis at 121 days (97). The greatest development 
of the testis occurs from 4 to 8 months of age, while the accessory organs 
grow at 7 to 8 months. The first ejaculation takes place at 6 to 7 months, 
when the boar weighs from 50 to 80 kg. (98). Another study gave the time 
of first appearance of spermatozoa at 180 days (99). The two testes are 
about 1/250 of the body weight at maturity, the left usually being the larger; 
and the epididymides are about one third the weight of the testes. The vasa 
clTerentia number from i to 5, and the vas deferens is about 25 to 30 cm. 
long (100). The length of the epididymis of a Mangalita boar was 62 to 64 
meters, and the number of efTcrent ducts was 8 to 12 (loi). In one testis 
the length of seminiferous tubules was between 3,000 and 6,000 meters (102). 
The epididymides contain from 175,000 to 200,000 million spermatozoa. Of 
these, 68.1 per cent were in the tail and 1,4 per cent in the anterior lobe of 
the head (103). The accessory glands are very large: the seminal vesicles 
weigh from 151 to 844 g. when full, and the contents weigh 39 to 507 g. 
Cow'per’s glands weigh 146 to 209 g. when empty, and the contents, 20 to 
17S g. I’he prostate weighs 15 to 26 g. The boar also possesses a disseminate 
gland not at all like the prostate in structure, but in close proximity to it 
(100). 

Coitus takes 5 to 8 minutes, and the average volume of ejaculate is 255 
cc. (104). The semen penetrates directly into the cervix during mating 
(105). 

The average ejaculate contains about 85 billion spermatozoa, Eljaculation 
occurs in stages; it increases to the third minute and is maintained to 5 
minutes, then there is a fall in the rale and a final rise. Most spermatozoa are 
found in the first ejaculate. Ejaculation at 24-hour intervals docs not materi¬ 
ally reduce the volume, but greater frequency does. The pH of normal semen 
is 7.3 to 7.8. If it is allowed to stand, a large quantity of gelatinous and waxy 
materials settles out. This gelatinous material is secreted partly by the vesi- 
culae seminales. Removal of these glands has little effect upon the number 
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of spermatozoa, although the glands provide about 25 per cent of the ejacu¬ 
late. Gjwper s glands secrete the waxy material, and their secretion reacts 
with that of the seminal vesicles to produce the gelatinous material. They 
provide about 19 per cent of the total ejaculate. Without either seminal 
vesicles or Cowper’s glands, the boar produces a watery, thin semen con¬ 
taining no gelatinous or syrupy material. The prostate and urethral glands 
produce about 56 per cent of the total secretion. This is clear and almost as 
thin as water. The testes produce about 2 per cent of the total volume (too). 

Removal of Cowper’s gland.s, or of the seminal vesicles, or both, is without 
effect upon fertility (too), in contrast to the condition found in the rat. 

A few points of interest in the composition of these secretions follow: 

Vesiculae seminales, pH 6.4 to 6.8, relatively high in K and glucose, low 
in Cl. 

Cowpers glands, pH 7.2 to 7.3, relatively high in Na and Ca, very high 
in Mg. 

Epididymal secretion, pH 6.7 to 6.9, high in P. 

Irostate and urethral glands, pH 7.5 to 8.5 (too). 

The mean length of a spermatozoon is 54.6 ij. (49.2-62.4); the head is 
^■5 ^ (7-2-9-2) X 4.2 IJ. (3.t')-4.8) (lot)). The midpiece is 10 /t long while the 
tail is 30 IJ. The acrosome has two component.s—an outer larger and an inner 
smaller one (107). The cryptorchid testis contains t B.U. of androgen to 
87 g. of tissue, and the normal testis contains I B.U. to 39 g. (108). The 
following levels of gonadic hormones have been found in the urine: an¬ 
drogens, 90 to 134 M.U. per liter; estrogens, 1,170 to 1,640 M.U. per liter 
(109). Estrone and estradioI-j7^ have been found in the urine, but not 
estriol (no). The semen contains 2.4 to 12.6 mg./ioo ml. of fructose; 5.9 to 
23.1 mg./ioo ml. of ergothioneinc, and 32 to 156 mg./ioo ml. of citric acid 
(ni). Inositol is secreted by the semin.al vesicles and 1.8 g. is present in 
too ml. of .secretion (112). It is also present in seminal plasma to the extent 

of 600 to 700 mg./.oo ml. and in the epididymal secretion at 52 mg./.oo ml. 
(113). 

Castration at 200 days of age, after the accessory organs have grtiwn some¬ 
what under the influence of androgens, does not produce organs as small as 
thase which result if the operation is performed at 50 or 100 days (114). 

The spermatozoa are in the oviduct by 30 minutes after mating and arc 
viable in the female tract for 42.5 hours, but they retain their fertilizing 
capacity for 25 to 30 hours only. The ova may be fertilized for from 10 to 21 
hours after they were shed (14). The minimum volume of fluid needed to 
ensure complete fertility is from 30 to 50 ml. (115). 
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Sus barbatus Muller. In Borneo this hog has no fixed season for breeding. 
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The number of young is usually 2, sometimes 3 (i). However, litters of 
from 4 to II have been reported ( 2 ). 

S, salvanius Hodgson. In the London zoo the pygniy hog has had litters of 
from 1 to 4 in May and June (3). In the wild 3 to 4 to the litter is usual (4). 

S, vittatus Muller and Schlegel. In the London zoo this Sumatran pig has 
had a litter of 7 pigs in May (3). From 4 to 7 has been given as the usual 
number (5). 

1. Pfeiffer, P. Mammalia, 23: 277-303, 1959. 

2. Lyon, M. W. Proc. Nat. Mus., United States, 40: 53-146, 1911. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

4. Jerdon, T. C. The Mammals of India. Roorkee, India, 1867. 

5. Kerbert, C. Bijd. Dierk., 22: 185-101, 1922. 


Phacochoerus aethiopicus Pallas 
WART HOG 


In Rhodesia this hog mates in late June and early July. The young, usually 
4, are born from late October to early November, or later (r). In South 
West Africa the usual season of birth is October and November (2), while 
in French Guinea it was February and March (3). In the Belgian Congo 
pregnancies were found from March to May (4); further north the young 
are born at all seasons, but most during the rains (5). The observed gesta¬ 
tion periods have been from 171 to 175 days (6). 

1. Hubbard, W. D. JM., 10: 294-297, 1929. 

2. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

3. Prunier, —. Mammalia, 10: 146-148, 1946. 

4. Frechkop, S. EPNU., 1944. 

5. Rode, P. Marnmifcres Ongules de I’Afrique Noire. Paris, 1943. 

6. Brown, C. E. JM., 17: 10-13, 1936- 


Hylochoerus meinertzhageni Thomas 

In French Guinea this hog had from 6 to 8 young, as a rule. They were 
born in February or March (i). The gestation period may be 125 days (2), 

1. Prunier, Mammalia, 10; 146-148, 1946. 

2. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 
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Babirussa babyrussa L. 
BABIRUSA 


In the London zoo this hog of the Celebes has given birth to a single 
young in each of the months January, March, and April. The gestation period 
has been from 125 to 150 days (i). 

I. Zuckcrman, S. PZS., 122: 827-950, 1952-3. 


TAYASSUIDAE 

Tayassu angulatus Cope 
PECCARY 


The peccary probably breeds in June in Panama, and the number of young 
is usually 2 (i). The uterus is bicornuate with relatively short and coiled 
cornua. The oviducts are short and coiled, and the fimbria form well-defined 
leaflets. The ovaries are not encapsulated. The old corpora lutea seem to 
persist much longer than is usual, since two sets of two each were found 
during pregnancy. The larger ones, 10 mm. in diameter, contained two cell 
types, large cells with dense cytoplasm, and much smaller cells with less 
dense cytoplasm. The smaller corpora lutea, 7 mm. in diameter, consisted 
mainly of the second type of cells, but they stained more deeply than they 
did in the larger corpora lutea (2). 

A single testis weighed ir.3 g., and the seminiferous tubules were 677 
meters long. The length of a spermatozoon was 23.4 /a (3). 

1. Enders, R. K. HMCZ., 78: 383-502, 1935. 

2. Wislocki, G. B. JM., 12: 143-149, 1931. 

3. Knepp, T. H. Proc. Pennsylvania Acad. Sci., 13: 58-62, 1939. 
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Tayassu tajacu L. 
COLLARED PECCARY 


This peccary usually has 2 young but may have as many as 6. Births have 
been recorded in April, August, and November after gestation of from 112 to 
ti6 days (1). In one account, 34 of 44 births were in July and August (2). 
The species is also said to breed all year. Six gestations were between 142 
and 148 days, 3 of them 144 days (3). In the London zoo births have oc¬ 
curred throughout the year, mostly twins but with a few singles (4). 

I. Hall, E. R., and K. R. Kelson. Mammals of North America. New York, 1959. 

2- Neal, B. J. AMN., 61: 177-190, 1959. 

3. Sowls, L. K. JM., 42: 425-426, 1961. 

4. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

Tayassu pccari Fisher. This species usually has 2 young to the litter (1), 
and the females breed at all times of the year (2). 

1. Goodwin, G. G. AM., 87: 271-474, 1946. 

2. Leopold, A. S. Wildlife of Mexico. Game Birds and Mammals. Berkeley, Calif., 
1951. 


HIPPOPOTAMIDAE 

Hippopotamus amphibiiis L. 
HIPPOPOTAMUS 


The hippopotamus has no fixed season for breeding (1). In the London 
zoo births have occurred throughout the year (2). The heat period lasts from 
4 to 7 days (3), and it occurs at monthly intervals. Heat periods are resumed 
about 40 days after calving (3). Mating is usually early at night and is 
repeated at least two nights consecutively (4). Usually one young is born 
but 2 sets of twins have been recorded (4). Combined data on the duration 
of gestation give a mean value of 237 ±: 1.2 days with a spread from 225 to 
257 days. Puberty in the male is reached at 5 years and in the female at 4 (5), 
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but one report gives 36 months as the usual age (6). In the Cleveland zoo 
it has occurred at 3 years in both sexes (7). 

1. Verschuren, J. EPNG., 1958. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Sailer, O. A A., 145: 835-839, 1950. 

4. Vcrhcyen, R. Monographic Ethologique de THippopotame {Hippopotamus am- 
phihius Linne). Brussels, 1954. 

5. Rode, P. Mainmifercs Ongules de I’Afrique Noire. Paris, 1943. 

6. Kerbert, C. Bijd. Dierk., 22: 185-191, 1922. 

7. Anon. Inter Zoo Year Book, 2: 90, i960. 


Choeropsis liheriensis Morton 
PYGMY HIPPOPOTAMUS 


This species breeds the year-round and estrus recurs at intervals of about 
a month. Heat lasts for 3 days, the act of mating about an hour. The dura¬ 
tion of gestation is from 201 to 210 days, and the female comes in heat about 
12 to 16 days after the young have been weaned (i). In the London zoo 
births of single young have occurred throughout the year (2). The weight 
of a single testis from an immature male was 4.3 g., and the length of the 
seminiferous tubules 918 meters. A spermatozoon was 31.5 /x long (3). 

1. Stcinnictz, H. Zewd. Garten, 9: 255-263, 1937. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Knc[>p, T. H. Proc. Pennsylvania .^cail. Sci., 13: 58-62, 1939. 

CAMELIDAE 

Lama 


Lama glama L. The llama breeds from spring to early fall and the single 
young, or occasional twins (1), are born after an ii-month gestation (2). In 
the London zoo births have been distributed throughout the year (3). 

L, vicugna Molina. The vicuna breeds all year, but mostly from April to 
June (i). Births are mostly in February or early in March (4). A female 
with a single fetus, taken in September, was also lactating (5). 
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1. Cabrera, A., and J. Yepes. Historia Natural Ediar. Mamiferos Sud-Americanos. 
Buenos Aires, 1940. 

2. Brown, C. E. JM., 17: 10-13, 1936. 

3. Zuckerman, S. PZS., 122; 827-950, 1952-3. 

4. Koford, C. B. Ecol. Monogr., 27: 153-219, 1957. 

5. Pearson, O. P. HCMZ., io6: 117-174, 1951-2. 


Catnehts bactrianus L. 

BACTRIAN CAMEL, TWO-HUMPED CAMEL 


The bactrian camel is polyestrous, having cycles all the year round. These 
are variable in length; the usual interval between heats is from 10 to 20 days; 
and the duration of heat i to 7 days, with a mode of 3 to 4 days (1). The 
mean cycle length is about 14 days, and the foal heat is experienced the day 
after calving, more rarely after 2 to 3 days. The suckling female comes in 
heat regularly but the duration is shorter than it is in the dry camel (2). 

At the beginning of heat the graafian follicle measures from i to 1.5 cm. 
in diameter, and at ovulation it has grown to 2.5 to 3 cm. The optimum 
time of mating is from 3 to 5 days before the end of heat. There is little 
obvious change in the appearance of the vagina and cervix during heat, but 
the vaginal smears show a decrease in leucocytes and an increase in epithelial 
cells (2). 

The mean duration of pregnancy in 850 cases was 406 days with a spread 
from 370 to 440 days, calculated from the last mating. From single matings 
the mean was 410 to 411 days. One young is usually born at a time, and males 
are carried for 2 days longer than the females, but this difference is not statis¬ 
tically significant (3). 

Both the males and females have well-developed glands at the summit 
of the neck, just below the occiput. In London these are active in March in 
the males, but the glands of the females are not noticeably active during the 
breeding season (4). Rut in London and in Mongolia is in spring (5). 

1. Bosaev, J. Konevodstvo, No. 4: 44-50, 1938. 

2. Barmincev, J. B. Konevodstvo, No. 8-9: 26-32, 1938. 

3. Barmincev, J. Konevodstvo, No. i: 42, 1939. 

4. Pocock, R. I. PZS., 840-986, 1910. 

5. Heape, W. QJMS., 44: 1-70, 1901. 
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Camelus drotnedarius L. 

DROMEDARY 

In one account puberty is said t() be reached in both sexes at age 3 years 

(1) ; in another the females mate at age 4 years and will breed until they 
are 30 years old, the males are used for breeding at 6 years and continue for 
15 to 20 years (2). The breeding season is from December to March. Estrus 
may be recognized by restlessness and swelling and discharge from the vulva. 
They calve every other year and the gestation period lasts 12 to 13 months 

(2) . Thirty-three pregnancies averaged 389.9=112.1 days, and females were 
carried 1.3 days longer than males (3). 

The ovary has no ovulation fossa and there are many more double ovula¬ 
tions than twin births. The left ovary ovulates more frequently than does 
the right. The corpus luteum persists throughout [pregnancy; its maximum 
size is about 2 cm., and weight about 4 g. Externally it appears to be gray 
or bluish-gray in color, but the lutein tissue is at first reddish-orange, chang¬ 
ing to orange-brown as it gets older. It retrogresses quickly after the calf 
is born (4). The glands in the neck below the occiput are active in both 
sexes. In London this activity is noticeable in June (5). 

1. Iwcma, S. Vccteeltcn Zuivclbcr., 3: 390-394, i960. 

2. Yasin, S. A., anti A. Waliitl. Agric. Pakistan, 8: 28()-297, 1957. 

3. Mehta, V, S., A. H. A. Prakash, and M. Singh. Indian Vet. J., 39: 387-398, 1962. 

4. Tayes, M. A. P*. W*t. J., 104: 179-186, 1948. 

5. Pocock, R. I. PZS., 840-^86, 1910. 


TRAGULIDAE 

Hyemoschtis aquatic us Ogilby 
WATER CHEVROTAIN 


In the London zoo a female has given birth to a single calf in January (i). 


I. Zuckennan, S. PZS., 122: 827-950, 1952-3. 
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TragtdtiS 

CHEVROTAIN 


Tragultis ]avaniens Osbeck. In the London zoo the single young has been 
bom at all seasons except winter, but mostly in October and November (i). 
In Borneo birth is usually in December after a gestation of at least 4 months 
(2). A pregnant female has been found in March (3). 

T, meminna Erxleben. In India, rut is in June and July and the 2 young 
are born at the close of the rainy season (4). The gestation period is 120 days 
(5). In Ceylon there is no regular season, but in the southwest young are 
usually running with the females from October to December (6). 

7 ^ preUiUius Miller. All females were pregnant or had recently given 
birth in July (7). 

T. riisseus Miller. Most of the females taken from January 22 to Febru¬ 
ary 5 were pregnant (8), 

T. stanleyaniis Gray. In the London zoo single calves have been born in 
January, March, August, and October (i). 

1. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

2. Banks, E. J. Malay Br. Roy. Asiatic Soc., 9(2): 1-139, 1931. 

3. Sanborn, C. C. Fielcliana Zoo],, 33: 89-158, 1952. 

4. Blanford, W. T. Fauna of British India. Mammals, London, 1888-91. 

5. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 

6. Phillips, W. W. A. Ceylon }. Sci., 14B: 1-50, 1927-8. 

7. Miller, G. S. Proc. Nat, Mus. United Slates, 31: 247-286, 1907. 

8. Miller, G. S. Proc. Nat. Mus. United States, 26: 437-483, 1903. 


CERVIDAE 

MOSCHINAE 
Moschiis moschijeriis L. 
MUSK DEER 


This deer attains puberty before it is i year old. Rut takes place in Janu- 
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ary and the young arc born in June after a gestation of i6o days (i). One 
or 2 is the usual number at a birth (2). In Siberia mating is in December 
and January. The young, usually i, occasionally 2, are born late in April or 
in June (3). 

1. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

2. Jcrdon, T. C. The Mammals of India. Roorkee, India, 1867. 

3. Flerov, K. K. Fauna of U.S.S.R. Mammals, 1(2): 1952. Washington, i960. 


MUNTIACINAE 
Muntiaciis muntjac Zimmermann 
MUNTJAC 


In the north of India this deer mates mostly in January and February. 
The I or 2 young are born in July and August. In other districts it has no 
regular breeding season (i). The males shed their antlers in May (i, 2) 
and renew them in August but it is doubtful whether this occurs annually 
(3). In the London zoo births have occurred throughout the year (4). 

1. Lydckker, R. The Game Animals of India, Burma, Malaya and Tibet. London, 
1924. 

2. Lydckker, R, The Deer of All Lands. London, 1898. 

3. Ikinks, F. J. Malay Br. Roy. Asiatic Soc., 9(2): 1-139, 1931. 

4. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

Muntiucus reevesi Ogilby. At Woburn this deer has bred at all times of the 
year (i). In the London zoo a single fawn has been born at a time during 
the months from April to December (2). 

1. Bedford, Duke of, and F. H. A. Marshall. PRS., 130B: 396-399, 1942. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

CERVINAE 
Duma dama L. 

FALLOW DEER 


In Britain the females breed at age 2 years. The period of rut is October 
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and the young, usually i, but rarely twins, are born in June or early July (i), 
after a gestation of 8 months (2). In Russia, rut is from the end of September 
into October. The older does drop their fawns in June and the younger ones 
in July (3). They are monestrous (4). The velvet is shed from the antlers 
in August and the antlers are shed at the end of April (i). The necks of 
the males swell during the rutting season (5). 

1. Whitehead, G. K. Deer and Their Management in the Deer Parks of Great Britain 
and Ireland. London, 1950. 

2. Brown, C. E. JM., 17: 10-13, 1936- 

3. Flerov, K. K. Fauna of U.S.S.R. Mammals, 1(2): 1952. Washington, i960. 

4. Lydekker, R. The Deer of All Lands. London, 1898. 

5. Millais, S. G. The Mammals of Great Britain and Ireland. London, 1906. 

Dama mesopotamica Brooke. This deer has produced its fawns from June 
to September, according to the London zoo records (1). 

I. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Axis axis Erxleben 
SPOTTED DEER, CHITAL 


In the wild this deer breeds at any time of year, but there is a distinct rut 
at the end of April or the beginning of May. Corresponding to the extended 
breeding season is the fact that the antlers are shed at any time but mostly 
in August (i). In Ceylon young are born throughout the year but the 
majority at its beginning. The velvet is shed at any time and so are the 
antlers, though in .southern Ceylon 75 per cent are shed in April and May 
(2). In captivity a .series of diestrous cycles, each lasting ^ weeks, is experi¬ 
enced throughout the year (3), and at Woburn chitals will breed at any 
time of year (4), though most fawns are born between Christmas and Easter 
(5). In the London zoo births have been evenly distributed through the year, 
and the number born is nearly always i; twins have been born only once in 
80 births (6). The period of gestation is 7 to yVi months. 

A single testis weighed 14.9 g., and the seminiferous tubules were 1,071 
meters long. The spermatozoon measured 40.6 /x (7). A male was castrated 
at 8 years old. The antlers grew in irregular and they remained in the 
velvet (8). 
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1. Brandcr, A. A. D. Wild Animals in Central India. London, 1923. 

2. Phillips, W. W. A. Ceylon J. Sci., 14B: 1-50, 1927-8. 

3. Hcapc, W. QJMS., 44: 1-70, 1901. 

4. Bedford, Duke of, and F. H. A. Marshall. PRS., 130B: 396-399, 1942. 

5. Whitehead, G. K. Deer and Tlieir Management in the Deer Parks of Great 
Britain and Ireland. London, 1950. 

6. Zuckcrman, S. PZS., 122: 827-950, 1952-3. 

7. Knepp, T. H. Proc. Pennsylvania Acad. Sci., 13: 58-62, 1939. 

8. Bullier, P, Mammalia, 22: 271-274, 1958. 


Axis (Hyelaphtts) porcinus Zimmermann 
HOG DEER 


In India this species ruts in September and October (i). In Ceylon the 
probable time is April and May (2). The London zoo has recorded births 
all year, and usually a single fawn is born, though twins have been recorded 
tw'ice in 55 births (3). Gestation lasts about S months (1). In India the 
antlers arc shed in April (1), but in the Philadelphia zoo there is a record 
of a February shedding (4), and in the Washington zoo one in July (5). 

1. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

2. lMiilli{)s, W. W. A. Oylon J. Sci., 14B: 1-50, 1927-8. 

3. Zuckcrman, S. PZS., 122: 827-950, 1952-3. 

4. Brown, C. JM., 2; 39, 1921. 

5. Hollister, N. JM., i: 244-245, 1920. 


Cervus cunadctisis Erxleben 
WAPITI, ELK 


In the Yellowstone region the does breed at about 31 months old, though 
a few have bred earlier. In any year from 74 to 94 per cent of those aged 
2 to 3 years and older arc pregnant (i). The yearling bucks produce sperma¬ 
tozoa (2). In the wild, rut is from late September well into October, and the 
young are born in June. In captivity the female experiences a continuous 
series of dicstrous cycles lasting 3 weeks (3). The cycles arc 21.2 days long 
and heat may be up to 17 hours (4). Pregnancy at any time of year is 
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prevented only by the fact that the males do not rut during the time of 
casting and growth of antlers (3). These are shed in mid-March and they 
begin to grow again immediately. The velvet is lost in August (5) but 
young bucks often retain it until the antlers are shed (6). One young is 
usual. In the London zoo, of 67 births all in the period from May to October, 
I pair of twins was recorded (7); in the Yellowstone 2 pairs were reported 
in 896 pregnancies (1). The fetal sex proportion (n — 1,629) was 103 males 
to TOO females (i). The gestation period varies from 249 to 262 days (8). 

It is believed that only one follicle ruptures at the time of estrus and a 
single corpus luteum is formed. Later, another follicle matures and ovulates, 
as a postconceptional corpus luteum appears at about the time the embryo 
becomes macroscopic. The two corpora lutea persist throughout gestation (9). 
One such recently ruptured follicle was found on December 10. There was 
a bloody exudate from the cavity, and large blood vessels had penetrated 
the follicle from several points in the theca. The mature corpus luteum of 
pregnancy is about 14 mm. in diameter, range 12.9 to 16.5 mm., while that 
of the cycle is about 5 mm. It often retains a central cavity that is later 
replaced by a plug of connective tissue. The corpus luteum becomes orange- 
colored as it degenerates. In pregnancy it increases in size up to 70 days (10). 

A 2-year-old elk was castrated; the antlers were shed and new ones grew. 
These were small and crooked; they never lost their velvet or shed (n). 

1. Kittams, W. H. JWM., 17: 177-184, 1953. 

2. Conaway, C. JWM., 16: 313-315, 1952. 

3. Heape, W. QJMS., 44: 1-70, 1901. 

4. Morrison, J. A. Behaviour, 16: H4-92, i960. 

5. Seton, E. T. Life Histories of Northern Animals. New York, 1909. 

6. Schwartz II, J. E., and G. 1 '. Mitchell. JWM., 9: 295-319, 1945. 

7. Ziickerman, S. PZS., 122: 827-950, 1952-3. 

8. Rust, H. J. JM., 27: 308-327, 1946. 

9. Halazon, G. C., and H. K. Bucchner. Trans. North Am. Wildlife Conf., 21: 

545-554. 1956. 

10. Morrison, J. A. JWM., 24: 297-307, i960. 

11. Skinner, M. P. JM., 4: 252, 1923. 


Cerviis cashmirlcnsis Adams 
HANGLU 


This deer mates in October and the young are born in April after a gesta- 
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tion of 6 months (i). In the London zoo births have all been in June or 
July after a gestation period of 183 days (2). In Kashmir the antlers are 
shed in March (3). There are records of April shedding in the Washington 
and Philadelphia zoos (4, 5). 

1. Binnford, W. T. Fauna of British India, Mammals. London, 1888-91. 

2 . Ziickcrman, S. PZwS., 122: 827-950, 1952-3. 

3. Lytlckkcr, R. The Deer of All Lands. London, 1898. 

4. Hollister, N. JM., i: 244-245, 1920, 

5. Brown, C. E. JM., 2: 39, 1921. 


Cervus elaphiis L. 
RED DEER 


l*he females usually breed in their third year (i). In the males puberty 
is reached towards their fourth year but they try to bugle and to cover the 
docs from the end of their second year (2). In captivity the females have 
a very extensive series of dicstrous cycles (3). In the London zoo births 
have spread from May to September (4). The young is almost always single; 
(wins are rare and tlie sex proportion of S81 newborn fawns was 59.3 per 
cent males (i). The gestation period varies from 225 to 245 days (4). In 
the Crimea, rut begins at the end of August and continues to October; in 
the Caucasus it begins a little later, while in the Altai region it is also later 
and is coniinetl to Sc[nember (2). In the females there is a heavy layer of 
apocrine glands at the side of the vagina. These glands show a most striking 
increase at the lime of estrus (5). 

The antlers are shed in the spring, from mid-March onward; older bucks 
shed a month earlier than the young ones (1). In the Altai shedding begins 
at the end of March but in the Crimea it begins at the end of February (2). 

1. Whitehead, G. K. Deer and Their Management in the Deer Parks of (^rcat Britain 
and Ireland. London, 1950. 

2. Flcrov, K. K. Fauna of U.S.S.R. Mammals, 1(2). Washington, i960. 

3. Hea{)e, W. QJMS., 44: 1-70, 1901. 

4. Zuckcrnian, S. PZS., 122; 827-f>50, 1952-3. 

5. Frankenberger, Z. Ccskoslovcnska Morfol., 5: 255-265, 1957. 



5^4 


MAMMALIAN REPRODUCTION 


CervHS (Rucervus) duvauceli Cuvier 
BARASINGHA 

This deer is monestroiis (i) but the rut is ill defined and mating is mostly 
from mid-December to mid-January (2). In Kashmir mating may be earlier, 
from late September to late November (:5). In the London zoo the births of 
single young have been from June to August, and the gestation period was 
340 to 350 days (4). Antlers are shed in March in the Kashmir district (2), 
and earlier in India (5). In the Washington and Philadelphia zoos there have 
been December, January, and April sheddings (6, 7). 

1. Lydekker, R. The Dccr of All Lands. London, 1808. 

2. Brander, A. A. D. Wild Animals in Central India. London, 1923. 

3. Heape, W. QJMS., 44: 1-70, 1901. 

4. Zuckerman, S. PZS., 122 : 827-950, 1952-3. 

5. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

6. Hollister, N. JM., i: 244-245, 1920. 

7. Brown, C. E. JM., 2: 39, 1921. 


Cervus {Rucervits) cldi Guthrie 
THAMENG 


This dccr mates from March to May in Burma, and the age at puberty is 
18 months (r). In England rut is in August (2). In Manipur the antlers 
are shed in June, but in Lower Burma this occurs in September (1). In 
Great Britain they are .shed in March (2). In Thailand the single young is 
born in October and the antlers are shed in mid-July (3). 

1. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

2. Whitehead, G. K. Deer and Their Mana^^ement in the Deer Parks of Great Britain 
and Ireland. London, 1950. 

3. Sanborn, C. C., and A. R. Watkins. JM., 31: 430-433, 1950. 
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Cervus (Rusa) timoriensis Blainville 
RUSA 


The females reach puberty at 27 months old. Rut extends from June 
to September and the single fawn is born after a gestation that has varied 
from 249 to 284 days. The antlers are shed from December to January and 
they are in velvet from April to May. In zoos the antlers are usually shed 
from May to July (i). In Great Britain the period of rut is at the end of 
winter (2), but in the London zoo single fawns have been born at all periods 
of the year (3). 

1. Lydckker, R. The Game Animals of India, Burma, Malaya and Tibet. London, 
1894. 

2. Whitehead, G. K. Deer and Their Mana^temcni in the Deer Parks of Great Britain 
and Ireland. London, 1950. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Cervus (Rusa) unicolor Bechstein 
SAMBAR 


This deer has a wide distribution in southern Asia and its reproductive 
behavior varies with the region. In the Peninsula of India the period of rut 
is from October to November (1). In the Ceylon hills rut is also at this 
time of year, but in the lowlands there is no definite season (2). In Sumatra 
a very extended season seems to be the rule (3). In the London zoo births 
have been spread throughout the year, with a peak at the end of May (4). 
Fawns arc also dropped at any time of year at Woburn (5). One to 2 fawns 
are usually born at a time after a gestation of about 8 months (6). In the 
native habitat of the sambar birth is usually in May or early June (7). 

The antlers are not shed regularly every season but only every 2 or 3 
years, In the Himalayas they are shed in April, while March is the more 
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usual month in the plains. At Woburn they are shed at any time of year (8). 
In European zoos they have been shed from April to September, but mostly 
in May and June (3). In the Washington zoo there is a record of a June 
shedding (9). 

1. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

2. Phillips, W. W, A. Ceylon J. Sci., 14B: 1-50, 1927-8. 

3. van Bemmel, A. C. V. Treubia, 20: 191-262, 1949-50. 

4. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

5. Lydekker, R. The Deer of All Lands. London, 1898. 

6. Brander, A. A. D. Wild Animals in Central India. London, 1923. 

7. Cahalane, V. H. Nat. Geographic Mag., 76: 463-510, 1939. 

8. Lydekker, R. The Game Animals of India, Burma, Malaya and Tibet. London, 
1924. 

9. Hollister, N. JM., i: 244-245, 1920. 


Cervus {SiJ{a) nippon Tcmminck 
JAPANESE DEER 


In this species puberty is reached in the second year, i.e., at an age between 
16 and 18 months (i). It ruts in September to mid-November and the fawns 
are born at the end of May, after a gestation of 8 months (2). In Great 
Britain, rut is in autumn and the young are born from June to September 
(3). Estrus lasts for several days (1). In the London zoo births have been 
observed from April to October, with a peak in June. Five sets of twins 
have been born in 108 births (4). In Great Britain antlers are cast in spring 
(3), and likewise in the United States (5, 6). 

1. Flerov, K. K. Fauna of U.S.S.R. Mammals, 1(2). Washington, i960. 

2. Heptner, W. G., L. G. Morosowa-Turowa, and W. I. Zalkin. Die S.'iugeticrc in der 
Schutzwaldzone. Berlin, 1956. 

3. Whitehead, G. K. Deer and Their Management in the Dccr Parks of Great Britain 
and Ireland. London, 1950. 

4. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

5. Hollister, N. JM., i: 244-245, 1920. 

6. Brown, C. E. JM., 2: 39, 1921. 

Cervus (Rusa) alfredi Sclater. In the London zoo this Philippine deer 
has had single fawns in December, March, and April (i). 

I. Zuckerman, S. PZS., 122: 827-950, 1952-3. 
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Elaphurus davidianus Milne-Edwards 
P£RE DAVID’S DEER 


At Woburn this domesticated species used to breed at the end of May 
and in June. The first fawn was born at the end of March. After the lapse 
of 50 years the period of rut now begins late in June and the fawns are born 
mostly from the third week of April into May. Only i fawn is born; there 
is no record of twins (i). The antlers are shed in October, but there is a 
great year-to-year variation (i). With special winter feeding antlers were 
shed in October and November. New ones grew, but these were shed at 
the end of January and a new set had grown by June and July (2). The 
gestation period is 250 days (3). This does not fit the Woburn data. 

1. Woocl-Jones, F., and Duke of Bedford. PZS., 121: 327-331, 1951-2. 

2. Wluieliead, G. K. Deer and Tlicir Management in the Deer Parks of Great 
Britain and Ireland. London, 1950. 

3. Kcnnclii, J. H. Gestation Periods. Edinburgh, 1943. 


ODOCOILEINAE 
Odocoileus hern ion us Rafinesque 
MULE DEER 


This deer ruts from November to mid-December and the fawns are born 
in May and June. The antlers are shed in March (i). In northern Idaho 
the season is from mid-October through November, a little earlier than the 
usual one (2). In the London zoo the season seems to be a little later as 
most fawns arc born early in August, with a scattering into September (3). 
In California the antlers have completed their growth by mid-July. The 
velvet is shed from July 20 to August 10. The necks of the males are swollen 
early in September; rut is late in October and early in November. The 
antlers are shed suddenly one month after the rut. Yearling males are not 
active in this area (4). In Utah the testes are swelling by the last week of 
October (5). 

Some yearling does breed and carry a single fawn, but it is more usual for 
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breeding to begin with 2-year-olds (6). The peak of mating is from Novem¬ 
ber 15 to December 6, when most of the does arc impregnated. There is a 
subsequent period from December 18 to January 3 when the remainder, about 
12 per cent of all those impregnated, are successfully mated (7). In one 
California herd, in two consecutive years the number of pregnant does, in¬ 
cluding yearlings, has changed from 78 to 92 per cent. The number of 
embryos to each pregnant doe varied during these years from 1.34 to 1.50 
(8). In one large sample examined in all months of pregnancy, the number 
of corpora lutea was 1,281 and of live fetuses 1,156, a loss of about 10 per 
cent. The heaviest prenatal mortality was in the first 2 or 3 months. The 
sex proportion of 1,408 fetuses was 108 males to 100 females. There was no 
indication of a diflerential mortality under normal circumstances, but in a 
period of malnutrition a greater proportion of males apparently perished. It 
was also noted that the smaller the fetus count, the higher was the proportion 
of males (9). There is some evidence that identical twins may occur: in two 
instances, twins have been associated with single corj^ora lutea. In another, 
triplets were found of which two had a common chorion (10). An average 
of 5 gestations gave 203 days, range 199 to 207 days (ii). 

In Montana an average of i /)6 fetuses was found for the pregnant does. 
Forty had i fetus; 56 had 2; 4 were with 3; and i had 4 fetuses (12). Eighty- 
seven per cent of does over 1 year old were found to be pregnant. Probably 
there is a second estrus if no conception occurs during the first. The embryo 
implants at 27 to 29 days after the doe was bred (13). In Idaho 66 per cent 
of yearlings were pregnant; of 2-year-olds, 93.5 per cent; while for older ones 
the figure was 97.6 per cent. The average corpus-luteum count was 0.9 for 
yearlings, and 1.86 for 3-year-olds and up. Two was the modal number (14). 

The gonadotrophic-hormone potency of the anterior pituitary of female 
fawns and yearlings is high during their first summer. In winter it is low, 
but it gradually increases in spring. In adult does the peak is reached by late 
November and early December. Then the potency declines sharply to its 
lowest point in February and March. Afterwards it rises slowly for the re¬ 
mainder of pregnancy (12). 

Castrated bucks either do not renew their antlers or retain them perma¬ 
nently in the velvet with remarkable distortions. They are known locally as 
cactus bucks” (1). The tarsal and metatarsal glands of the males arc 
markedly more active during rut than at other times. An antlered “doe” 
sheds her antlers and grows them at the usual time for the male. Her neck 
swells during the rutting season; she attacks bucks in rut and attempts to 
mount a doe (16). 
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Odocoiletis virginianiis Boddaert 
WHITE-TAILED DEER, VIRGINIA DEER 


In New York State the bucks reach puberty in their second year. In the 
southern part of the state many does breed in their first year, but about .4 
weeks later than the adults. I'urthcr north it is unusual for yearling does 
to breed (1). The height of the season is from November 10 to 23, but to the 
north of the Adirondack Mountains it is from November 10 to 16, and, to 
the south, November 17 to 23. If a doe is not impregnated in her first heat 
a second estrus follows about 4 weeks later, to be succeeded by a third if slie 
again fails to become pregnant (i, 2). In Florida mating is earlier and the 
fawns are born from January to March, in contrast to May and June further 
north (^). In Texas the testis volume increases from August to December and 
then decreases from January to March so that it is lowest for the year in 
April and May. Breeding is rather late, as the height of the season is 
from December 15 to January 5 (4). It is later still in Alabama, stretching 
from December 26 to February 21, with most matings in the last 8 days of 
January. This was among captive deer (5). In the northeastern part of 
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Alabama breeding was from late November through early January with the 
peak in early December (6). 

The number of young is usually 2, but it varies greatly according to 
conditions of nourishment and the like. In the Adirondacks 78 per cent of 
adult does became pregnant in one season and, of these, 81 per cent carried 
single fawns, 18 per cent twins and i per cent triplets. Further south 92.3 
per cent of adults were pregnant, 33 per cent with singles, 60 per cent with 
twins, and 7 per cent with triplets (7). The gestation period averages 204 
days with a range from 197 to 222 days (8). 

The males shed their antlers from late December to February in the 
north, earlier in the south (3). They begin to grow again after an interval 
of 2 to 6 weeks, and the velvet is lost in August and September. Rut, lasting 
about 2 months, is accompanied by swelling of the neck (9). 

The weight of the testes fluctuates seasonally, being greatest at the time 
of rut and least from late winter to early summer. Spermatogenesis begins in 
July, is maximal in October, and diminishes in December and January. The 
lowest point is reached in June when the seminiferous tubules consist of a 
single layer of cells. Interstitial cells are larger and have clearer nuclei in 
October than in May and June. The prostate complex shows no seasonal 
variation, but the seminal vesicles arc least in size in June and July, enlarge 
in August, and are maximal in October. The height of the secretory cells 
follows the same rhythm. Secretion is abundant in October, whereas the 
lumen of the gland contains black dried masses in June and July (10). 

The antlers begin their annual growth when the testes and accessory 
organs arc inactive, harden and lose their velvet when these glands are en- 
larging, and arc shed when they begin to decline (10). Castration following 
loss of the velvet results in shedding within 30 days. New growth, which 
occurs at the normal time, is abnormal in shape, and the velvet is not lost 
again. Growth ceases at the usual time and part of the growth, being some¬ 
what fragile, may be lost by accident. Renewed growth activity follows in the 
spring. Eventually an exaggerated burr is produced (ii). These events have 
been interpreted as indications that antler growth is under the influence of a 
nontesticular hormone, possibly from the anterior pituitary, though direct 
evidence for the latter is lacking. Hardening and consequent loss of the 
antlers is believed to be due to the action of a testicular hormone (10). Some 
bucks were submitted to a regime of 16 hours daily of light. They came into 
rut, shed the velvet and antlers and renewed them about 2 weeks earlier 
than the normal (12), 

In the fall the interstitial cells of the testes contain much steroid material. 



ARTIODACTYLA 


571 


In June the reaction for its detection is much less intense. In the fall the 
seminiferous tubule cells are high in acid and alkaline phosphatase, but in 
June their content is low (13). The weight of a single testis was 36.2 g,, and 
the length of the seminiferous tubules was 2,121 meters (14). 

The Mexican subspecies, O. v. acapulcensis, ruts in January and the fawns 
are born from July to August (15). 
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Mazama 

BROCKET 


MuZiima amcricana Erxlcbcn. The red brocket of South America has no 
known fixed breeding season, but the single fawns arc usually born from De¬ 
cember to April. A July birth has been recorded for the Matto Grosso (i), 
and a fetus near term, also in July (2). The antlers are shed at all times of 
the year (i). 

M. swiplicicornis Iliiger. The wood brocket has been recorded as usually 
bearing two fawns at a time (3). 

M. tema Rafinest]tie. This species usually has twins (4). 

I. Cabrera, A., and J. Yepcs. Historia Natural Ediar. Mamiferos Sud-Amcricanos. 

Buenos Aires, 1940. 
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2. Miller, F. W. JM., ii: 10-22, 1930. 

3. Lydekkcr, R. The Deer of All Lands. London, 1898. 

4. Goodwin, G. G. AM., 87: 271-474, 1946. 


Hippocamelus antisensis d’Orbigny 

HUEMUL 

This deer was found pregnant with wclhadvanced fetuses late in De¬ 
cember (i). 

I. Koford, C. B. Ecol. Monogr., 27: 153-219, 1957. 

Blastoccrus 

PAMPAS DEER 


Blastoccrus besoarticiis L. This deer ruts at the end of summer and the 
single fawn is born in September and October in the Matto Grosso, and in 
April in Argentina (i). In Brazil the antlers arc shed in May; they grow 
again immediately and the velvet is shed by September (2). In the London 
zoo single young have been born in May and August (3). 

B. dichotorna Illiger. This deer breeds in October or November and has 
a single fawn (i). 

1. Cabrera, A., and J. Yepes. Historia Natural Ediar. Mamiferos Sud-Americanos. 
Buenos Aires, 1940. 

2. Miller, F. W. JM., ii: TO-22, 1930. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Ptidu pudu Molina 

PUDU 

In the London zoo this South American deer has had its fawns in May (i). 
I. Zuckerman, S. PZS., 122: 827-950, 1952-3. 
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Alces alces L. 
ELK, MOOSE 


Puberty is at age 16 to 28 months and females give birth first at 2 years 
while most males rut first at 2^2 years (i). In Newfoundland 60 per cent 
of yearlings are in breeding condition (2). Rut is from mid-September to 
mid-October and the young are born late in May (3). They are probably 
conceived over 4 estrous periods with intervals of 30 days between them. 
Eighty-five per cent of does conceive at the first of them (4). The incidence 
of twin pregnancies is about 22 per cent, but in those with high summer 
range more are produced (4). In Newfoundland the twinning rate is 12 per 
cent, but twice as many does have two corpora lutea as produce twins in the 
uterus. The pregnancy rate among adults is 81 per cent (2V The antlers are 
shed in January or February, begin to grow in April, and the velvet is shed 
in July or August (5). In Russia the old bulls shed at the end of November, 
or, more frequently, in December; stags of age 3 to 4 years shed in January 
and February; younger ones shed still later (i). The gestation period is from 
240 to 250 days (6). 

1. Flcrov, K. K. Fauna of U.S.S.R. Mammals, 1(2). Washington, i960. 

2. Pimlotl, 1 ). H. IWM., 23: 381-401, 1959. 

3. Hamilton, Jr., W. }. The Mammals of Eastern United States. Ithaca, N.Y., 1943. 

4. Edwards, R. Y., and R. W. Riiccy. fWM., 22; 261-268, 1958. 

5. Scion, E. T. Life Histories of Northern Animals. New York, 1909. 

6. Kenneth, J. H. Gestation PcricKls. Edinburgh, 1943. 


Ran gif er tarandus L. 
REINDEER, CARIBOU 


There are many races of the reindeer, some of which have been given 
specific rank. In this account Lydekker’s classification has been followed. 
This groups them all into one species, but, where possible, the subspecies 
has been indicated. Both sexes are antlered and shed annually, 
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The breeding season in Siberia is in September and October, and the 
calving season is from May to June. The males breed first at 1/2 of 

age (1). In the middle of Kamchatka, rut is towards the end of October, with 
the peak in the middle of November. On South Georgia, in the Antarctic, 
estrus has shifted towards March and calving towards October and No¬ 
vember (2). Females breed until age 20 years (2). Normal bucks shed their 
antlers from November to January, and castrated ones from March to 
April (i). The number of young is usually i, rarely 2, and the period of 
gestation is from 7 to 8 months (3). These remarks presumably refer to 
R. /. sibiricus Schreber. 

In R, t. caribou Gmelin, the woodland caribou of North America, rut is 
in October. The males shed their antlers in early spring and the does in 
summer (4). 

In R. /. arcticus Richardson, the barren-ground caribou of North America, 
rut is in October and the calving season is from May 15 to June 15. The 
bucks usually shed their antlers in November, but old and very young ones 
may carry them until late April. The does usually shed in May and June 
(5). The velvet is rubbed off beginning in August, and the antlers are clean 
by the end of September. Antler growth begins in May, even though they 
may have been shed in December (6). In Russia old stags shed shortly after 
rutting, and younger ones later. Growth begins in April. Females lose them 
3 to 7 days after calving. Barren females shed before the pregnant ones, 
in March or April (2). Authorities arc agreed that castrated or ovariectomized 
reindeer shed and regrow their antlers each year, contrary to the habit in 
other deer which have been investigated (7). 

The testis weight increased from 15 g. in winter to 50 g. in September. 
During the winter a few spermatogonia and occasional spermatocytes may 
be found. As the first antler buds appear in March or April spermatogenesis 
begins. Retrogression begins as soon as the antlers are shed. Zimmermann- 
positive steroids are at a minimum in the urine during January and Febru¬ 
ary, when the level is 12 to 15 mg. per liter. From March to July it reaches 
20 to 23 mg./l. From August to December the level has risen to 30 to 45 mg./l. 
This report also states that the species is monestrous (8). 

1. Sokolov, I. I. Trud. Arkt. Inst, 24: 67-128, 1935. 
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Hydropotes inermis Swinhoe 
CHINESE WATER DEER 


In England, rut is in December and the fawns are born during the mid¬ 
summer months, but some are dropped in May. Twins and triplets are 
common; of 8 pregnant docs, 5 had 2 fetuses, 2 had 3, and i had 4 (i). 

I. Whitehead, G. K. Dccr and Their Management in tlie Deer Parks of Great Britain 
and Ireland. Lundon, 1950. 


Caprcolus capreolus L. 
ROE DEER 


The roe deer is monestrous, mating in July and August, and the fawns, 
usually twins, are dropped in May (i). Implantation is delayed, the only 
case so far known in Cxrvidae. The period of gestation is about 40 weeks, 
with implantation of the embryo in December, but exceptional cases are 
known of immediate implantation with a reduced gestation period of 20 
weeks (2). The time of breeding is exceptional among deer, but implanta¬ 
tion and birth are at about the usual time. In Russia, rut and estrus begin 
in August and extend into September and occasionally into October. Rut 
begins in older bucks earlier than in younger ones, and it is earlier in the 
plains than in the mountains (3). 

The antlers begin to grow in January and are shed in December (4). In 
Central Eurojie shedding may be earlier, in late August or September, while 
the velvet is shed in May (5). Castration before the velvet has been shed is 
not followed by casting of the antlers, but their further growth is abnormal; 
castration after the velvet has been shed leads to immediate casting and the 
growth of abnormal forms. Ovariectomy of the female does not result in any 
antler growth (6), 
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Bucks that are 2 years old or more experience testis development each 
February to May. Semen is then abundant until the beginning of August. 
Later in that month spermatogenesis ceases and the testes are quiescent until 
the following February. The interstitial cells develop from April to July; 
they are scanty from September to March. The epididymis contains spermato¬ 
zoa from May to December, and sometimes into January so that the buck 
is able to fecundate females at that late date (5). 

The embryo develops slowly from July to December, but from that time 
to the end of gestation, in May, development is rapid. Apparently some 
docs conceive in November and December and. in these, there is no delayed 
development (5). 

A castrated stag had incipient peruke formation. After two injections of 
50,000 M.U. of progynon the growth began to shrink and it was shed. It began 
to grow again in August and September, although it was not the normal 
season for growth (7). Injections of 50,000 M.U. of progynon at 7- to lo-day 
intervals in October and November caused an immediate onset of growth; 
the velvet dried and the antlers were shed in December (cS). 

1. Heape, W. QJMS., 44: 1-70, 1901. 

2. Prell, H. Zuchtungskuntle, 13: 325-345, 1938. 

3. Flerov, K. K. Fauna of U.S.S.R. Mammal*?, 1(2). Washington, i960. 

4. Lydekkcr, R. The Deer of All Lands. London, 1898. 

5. Stieve, H. Zeit, Mikros, Anat. Forsch., 55: 427-530, 1950. 

6. Tandler, J., and S. Grosz. Die Riologischcn Grundlagen dcr Sekundaren Geschlechts- 
charaktere. Berlin, 1913. 

7. Blauel, G. Endokrinol., 15: 321-329, 1935. 

8. Blauel, G. Endokrinol., 17: 369-372, 1936. 


GIRAFFIDAE 

PALAEOTRAGINAE 
Of{apia johnstoni Sclater 
OKAPI 


A pair mated at about zo-day intervals for periods of 3 to 7 days each (i) 
In the Basel zoo a male was born in March after a gestation of 446 days (2). 
Another gestation lasted 426 days (3). 



ARTIODACTYLA 


577 


r. Nouvel, J. Mammalia, 22: 107-111, 1958. 

2. Lang, E. M. Inter Zoo Year Book, 2: 94, i960. 

3. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 


GIRAFFINAE 
Giraffa Camelopardalis L. 
GIRAFFE 


In the Cleveland zoo both sexes have reached puberty at age 3 years (i). 
In the wild the species is said to mate from July to September and to drop 
the young from October to February (2), but accounts differ. One report 
gives young from May to September (3); another states that there is no 
fixed season and that the young are dropped at any time (4). In the London 
zoo births have been from February to October, with most from March to 
May (5). A series of cstrous cycles of 12 to 15 days have been observed, 
stretching from June into October (6). One young, rarely twins, is born at 
a time, and the period of gestation has been observed to be between 14 and 
15 months, or a week more (i). 

Gonadotrophic hormones arc present in the urine of the pregnant female 
(7). 71 ic sex proportion at birth for 117 giralTcs has been 61.5 per cent 
males (<S). 

r. Anon. Inter Zoo Yc.ir Book, 2: 90, i960. 

2. Sliortridgc, (b C. 1 'lic .M.unmals <>1 South West Africa. London, 1934. 

3. Dasinann, R. F., and A. S, Mossnian. I.M., 43: 533-537, 1962. 

4. innes, A. C. PZS., 131: 245-278, 1958. 

5. Zuckcrinan, S. PZS., 122: 827-950, 1952-3. 

6. Lang, F.. M. Saugetierk. Mitt., 3: 1-5, 1955- 

7. Wilkinson, J. F., anti P. tie Fremcry. Nature, 146: 491, 1940. 

8. Boiilicre, F. Mammalia, 25: 467-471, 1961. 
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ANTILOCAPRIDAE 
Antilocapra americana Ord 
PRONGHORN 

The pronghorn has a limited breeding season in September and October, 
and the horns are shed immediately afterwards, from October to December 
(i). The new ones have already begun to sprout (2). The young are usually 
born from late May to early June, though in Texas they are born over a 
wide range of time, but mainly in June. Gestation lasts for 230 to 240 days 
(4). Records of young give 2 kids or fetuses on 29 occasions and singles on 2. 
The sex distribution of fetuses has been unusual. One record of 6 pairs of 
twins states that each pair were of like sex (5). Another of 17 pairs gave only 
3 of like sex and 14 of unlike sex (6). The female breeds at 15 or 16 months 
old (4), In view of the relationship of this species to both the antelopes and 
the deer it would be interesting to learn the connection of the testis cycle to 
horn shedding. A report on one animal states that in a castrated buck horn 
development was abnormal and that the seasonal separation of the horns was 
incomplete (7). 

1. Skinner, M. P. JM., 3: 33-39, 1922. 

2. Seton, E. T. Life Histories of Northern Animals. New York, 1909. 

3. Mearns, E. A. United States Nat. Miis., Ikill. 56, 1907. 

4. Einarsen, A. S. The Pronghorn Antelope and Its Management. Washington, 1948. 

5. Tryon, C. A., and P. D. Buck. JxM., 31: 192-193, 1950. 

6. Chattin, J. E., and R. Lassen. California Fish and Game, 36: 328-329, 1950. 

7. Pocock, R. I. PZS., 191-197, 1905. 
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BOVIDAE 

BOVINAE 

Strepsiceros strepsiceros Pallas 
GREATER KUDU 


The first calf is born when the female is 2 years old (i). There is ap¬ 
parently no fixed season, as authorities disagree about the season of birth, 
but October to March, or January to February (2), appears to be the most 
common time for the single calf to be born (3). The gestation period is 
about 214 days (4). 

1. Dasmann, R. F., and A, S. Mossman. TM., 43: 1062. 

2. AmeW, W. F. I I. PZS., 134: 251-274, i960. 

3. Selous, F. C. In R. Lydckker, Tlie Great and Small Game of Africa. London, 1899. 

4. Dekeyser, P. L. Lcs Mammiferes dc I’.Xfrique Noire Fran^aise. n.p., 1956. 


Strepsiceros {Tragelaphus) scriptus Pallas 
HARNESSED BUSHBOK 


On the African coast this species breeds all year, but in the interior October 
to February is the usual season (i). In the Belgian Congo breeding extended 
throughout the year (2). In the London zoo births have been spread over the 
year and gestation has lasted from 214 to 225 days (3). 

1. Sclatcr, W. L. The Mammals of South Africa. London, 1900. 

2. Vcrscluiren, J. P'PNG., 1958. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

Strepsiceros imberbis Blyth. The lesser kudu has i calf at a time (i). 

S. {Limnotragus) spekei Sclater. In the London zoo this kudu has had its 
single calves from January to May (2). In the wild it probably breeds all 
year (3). 

S. (^Tragelaphus) angasi Gray. The nyala mates usually in April. One 
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calf is born, usually in September or October, but sometimes as early as 
August or as late as March (i). 

1. Shortridgc, G. C. The Mammals of South West Africa. London, 1934. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Ansell, W. F. H. PZS., 134: 251-274, i960. 


Taurotragtis oryx Pallas 
ELAND 

This species has 3-'Week cycles from May to July (1), but in the wild has 
apparently no fixed season, though most calves arc born from March to 
November. The gestation of the single calf is about 8^2 to g months (2). 
Puberty in the female is reached at age 3 years and in the male at 4 years (3). 
In the London zoo calves have been born throughout the year with a slight 
peak from March to June. Twins were born twice in 94 births (4). 

1. Heape, W. QJMS., 44: 1-70, 1901. 

2. Brown, C. E. JM., 17: 10-13, 1936. 

3. Hamilton, J. S. Animal Life in Africa. London, 1912. 

4. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

Taurotray^HS derhianus Gray. This species has a gestation of 260 days for 
its single calf (i). 

I. Dekeyser, P. L. Les Mammifcrcs de I’Afriquc Noire Fran^aise. n.p., 1956. 

Bosclaphus tragocameliis Pallas 
NILGAI 


This Indian antelope is said to have no regular breeding season in the 
wild. It breeds immediately after dropping its calves (i). The period of 
gestation has been observed to be 8 months and 7 days (2). In captivity it 
experiences a series of diestrous cycles from March to May, each lasting 3 
weeks (3). In England, at Woburn, it breeds from March to May (4), and 
in the London zoo births have been evenly distributed throughout the year. 
At about every other birth twins have been produced (5). 
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1. Brander, A. A. D. Wild Animals in Central India. London, 1923. 

2. Brown, C. E. JM., 17: 10-13, 1936. 

3. Heape, W. QJMS., 44: 1-70, 1901. 

4. Bedford, Duke of, and F. H. A. Marshall. PRS., 130B: 396-399, 1942. 

5. Zuckernian, S. PZS., 122; 827-950, 1952-3. 


Tetracerus quadricornis Blainville 
FOUR-HORNED ANTELOPE 


In India this antelope breeds in the rains and gives birth to i or 2 calves 
in January after a gestation of 6 months (1). In the London zoo three births 
have taken place in I'ebruary and others in May and June. Twins were pro¬ 
duced in 3 of the 5 births (2). 

1. Blanford, W. T. The Fauna of British India. Mammals. London, 1888-91. 

2. Zuckernian, S. PZS., 122: 827-950, 1952-3. 


Bubaliis hubalis L. 

EURASIAN BUFFALO 

The bufTalo reaches puberty usually at age 2 to 3 years but it may do 
so at 1.5 years with good feeding (i). In Egypt the average age of the cows 
at first cstrus was 406 days and the weight 198 kg. The first fertile mating 
was at 647 days and the first calving at 963 days. At the time of fertile mating 
the average weight was 319 kg. (2). They breed all the year, but in Egypt 
most conceptions under free mating conditions occur from October to I])e 
cember and fewest from July to September (3). In India the Murrah breed 
has 77.6 per cent of all calvings between June and December (4), which 
makes the conception period February to August. The swamp bufTalo of 
Malaya has estrous periods throughout the year but more regularly during 
the hot weather, from mid-April to mid-July (5). The cycle length closely 
resembles that of the cow, about 21 days, and a spread from 13 to 28 days 
(6). One report gives it as 22.9 days (4), and another, 21.6 zh .23 days, and 
the duration of cstrus 11.9 hours. The cows ovulate 18 to 42 hours after the 
beginning of estrus so that, as in Bos taurus, it takes place after the end of 
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estrus (7). In Pakistan the average duration of estriis was found to be 19.6 
hours, range 3 to 69 hours, and it lasted longer in older cows than in young 
ones. Heats in which mating took place lasted 16.6 hours; those in which it 
did not lasted 21.7 hours (8). Another record from Egypt gives a cycle 
length of 21.1 dt .7 days, mode 21 and range ii to 30 (9). Proestrum lasted 
21.2 hours; estrus 28.5 hours; and metestrum 19.2 hours (10). This is a 
longer time for heat than is given by other reports, but it is substantiated 
by one from India which gives 36.0 hours, range 24 to 58. In this work 
ovulation was found to occur 12 to 24 hours after the expiration of heat (11). 

In Malaya the bulTalo has been divided into two races. The swamp race has 
a neckless scrotum, mates nocturnally, and has the first heat after parturition 
at about 65 days. The other, the river race, has a pendulous scrotum, mates 
during the day, and has first heat at about 42 days (12). In Bulgaria the 
average calf heat occurs iiS days after calving (13), and in the Philippines 
the carabao has an interval of 34 days, range 24 to 50. T he Indian bufTalo 
in the same region has an interval of 49 days, range 45 to 53 (14). In Egypt 
the average interval is 44 days (10). There are many reports on the duration 
of gestation. The averages vary between 307.7 (15) and 318.7 days (16). A 
typical report gives 316.15 with 315.7 days for female calves and 316.5 for 
males (17). However the swamp bulTalo differs in one more way from the 
river type because its gestation lasts for 330 to 340 days (12, 18). Twins have 
been reported from Italy as occurring in 0.3 per cent of calvings (19), in 
Egypt, 0.2 per cent (20) or 0.6 per cent (21). Of 247 pregnancies 136 were in 
the right horn of the uterus and iii in the left (22). The right ovary 
ovulates 52.9 per cent of the time (23). 

At the time of estrus there is no swelling or hyperemia of the vaginal mu¬ 
cosa and no flow of mucus. The vaginal mucus is relatively pale and anemic 
(24). The pH of the vaginal secretion at dicstrum is 8.1; at estrus, 7.3: and in 
pregnancy, 8.3 (25). Neither body temperature nor vaginal smear is a good 
indication of the reproductive state (10). 

Estrone may be detected first in the urine of the pregnant cow at 3 months, 
when the mean amount is 37.5 ftg./l. The amount rises to the eighth month 
when it reaches 340.6 ftg./l. Then it falls gradually and cannot be detected 
during the last 15 days (26). Tliere is no gonadotrophic substance in the 
urine (27). 

The semen is milky-white with a very light tinge of blue. The volume 
is 3.45 ml., range 1.2 to 6.0 ml. and the sperm content 17.3 per cent by volume. 
The concentration of spermatozoa is 210 million to 2 billion per ml. (28). 
The pH of the semen is 6.27 ± .02 (29). Another report gave an average 
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volume of 2.0 to 2.3 ml. with a concentration of 1,075 million per ml. (30). 
The total reducing substance in the semen is 875 mg/ioo ml., of which 
615 mg. is fructose and 3.7 mg. is ascorbic acid (31). The spermatozoa take 
3 minutes, 20 seconds, or more, to reach the oviduct and are viable in the 
female tract for 36 to 48 hours (ii). 

The head of the spermatozoon measures 7.44 ± .44 /x X 4.26 ±: .52 /x; the 
midpiece is 11.65 ±: .94 /x; and the tail length is 42.82 dr 3.04 /x (28). 

1. Gorbelik, V. I. Trucl. Azerbaidzan Stanc. Zivotn., 4: 5-26, 1935. 

2. Hafez, E. S. E. }. Agric. Sci., 46: 137-142, 1955. 

3. Badreldin, A. L. Experientia, 8: 391-392, 1952. 

4. Rao, C. K., and T. Murari. Indian Vet. J., 33: 54-57, 1956. 

5. Vcndargon, X. A. J. Malay Vet. Med. Assn., i: 13-19, 1955. 

6. Kaleff, B. Zeit. Zucht., 24B: 391-408, 1932. 

7. Sbalash, M. R. Intcrnat. J. Fertility, 3: 425-432, 1958. 

8. Ishaq, S. M. Agric. Pakistan, 7: 361-365, 1956. 

9. Hafez, E. S. E. Empire J. Exp. Agric., 21: 15-21, 1953. 
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Anoa depressicornis H. Smith 
ANOA 


A single calf is usual and, in the London zoo, births have been distributed 
throughout the year (i). Gestation has been reported as lasting 276 or 315 
days (2). 

1. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

2. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 


Bos taurus L. 
DOMESTIC CATTLE 


Domestic cattle are polyestrous, breeding all year. Ovulation is spontaneous, 
and it occurs at intervals of about 21 days. The length of proestrum has 
not been accurately determined, but probably it lasts for 2 to 3 days. Estrus 
lasts for less than i day, and the cow goes out of heat before she ovulates. 
Frequently, more so in younger than in older cows, overt bleeding occurs 
from the uterus about 18 hours after ovulation. The corpus luteum is func¬ 
tional for about 19 days; its decline and proestrum are synchronous. Uterine 
changes during the cycle are not marked. The vaginal smear is not a very 
reliable indication of the reproductive state. The pituitary of the cow has 
the lowest recorded F.S.H. content; L.H. is also low, but prolactin is very 
high. The period of gestation is about 280 days; i calf is the rule, but more 
are frequently born. When a female is born cotwin with a bull, she is usually 
sterile, as her gonads have been modified early in development. The bull 
produces spermatozoa all the year round. 


THE ESTROUS CYCLE 

There have been many investigations of the length of the estrous cycle 
in cattle (1-6). A summary of all the available data, which include a con- 
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siderablc scries of records from the New York State Dairy Herd Improve¬ 
ment and Artificial Insemination Associations, gives a modal cycle length 
for unbred heifers of 20 days, and for cows, 21 days (6). The cycle length 
is less variable in heifers, in which 85 per cent fall between 18 and 22 days, 
but in cows 84 per cent fall between 18 and 24 days. The mean for heifers is 
20.23 ~ *^5 days, and the standard deviation is 2.33 days. For cows the mean 
is 21.28 ±1 .06 days, and the standard deviation is 3.68 days. Although there 
is a definite difference in the cycle lengths of virgin and parous cattle, it 
cannot be said that the cycle increases in length with age, as analyses of 
different sets of data have yielded conflicting results. The season of the year 
has no effect (5, 6). There are indications that the individuality of the cow 
has some effect on the cycle length, but more evidence is needed on this 
point. All these figures refer to dairy or to dual-purpose cattle. For range 
(beef) cattle, Herefords, the length of the cycle is essentially similar (7). 
The mean cycle length for all ages of beef cows is 19.6 =1= .12 days, the mode 
is 20 days, and 79 per cent fall between 17 and 23 days. In this group cows 
came in heat equally at all times of the day. 

The figures fijr the duration of estrus must vary somewhat with the 
method of testing and the interval between tests. Most place the average 
as between i2 and 22 hours. One report showed that heifers remained in 
heat for 15.3 hours and co\n’s 17.8 hours. The range w'as considerable, from 
lYi to 28 hours, but 82.6 per cent of heifers were between 10 and 21 hours 
and 92.6 per cent of cows were between 13 and 27 hours. In this group there 
was no significant seasonal difference. More cows tended to go out of heat 
between 6 p.m. and midnight than at other times (S). It has also been re¬ 
ported that 60 per cent of heats begin in the twelve hours before midday, 
compared with 40 per cent in the period after (9). One account gives the 
average duration of estrus as 18.3 hours, with a 5-hour difference between 
spring, the shorter, and fall, but the difference was not statistically signifi¬ 
cant (10). 

Ovulation is spontaneous and usually occurs about 10 hours after the 
cow goes out ot heat, but there is considerable spread. One account gives 
10.7 hours for cows and 10.2 for heifers. In all, 81.8 per cent were between 
7 and 14 hours (8). Another report gives 11.5 hours as the mean interval (10). 
In 25 heifers served by a vasectomized bull ovulation took place 7.73 hours 
after heat had ended; in 25 that were not served at all the interval was 9.91 
hours, a significant difference (n). The right ovary tends to produce more 
ovulations than the left. A corpus-lutcum count showed 60.2 per cent in the 
right ovary (12), and an embryo count gave 60.5 per cent in the right horn of 
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the uterus (13). This is an unusually large difference in ovulation rates. Re¬ 
moval of the corpus luteurn brings the cow into heat 3 to 4 days afterwards 
in the majority of cases. The mean interval is 4.2 days (14). 

The return of heat periods after parturition occurs after a very variable 
interval. For dairy cows a modal interval of 41 to 60 days has been reported 
(5), and a mean of 69 days, with a standard deviation of 39 days (15). For 
beef cattle the mode is 60 to 70 days, with 80 per cent between 20 and 160 
days, and the mean, 80.2 ±: 1.3 days (7). In this study it was found that the 
chance of conception at a heat period earlier than 40 days is only 49 per cent, 
but it rises until average fertility is reached at 70 days. Cows that are nursing 
their calves first return to estrus in 104 days, while those that are milked 
return in 74 days. There is an even greater difference in the interval before 
conception, 152 days compared with 94 days (t6). 

A little more than a day after ovulation bleeding occurs from the vulva 
in many cows. The source of this blood is discussed in the section on his¬ 
tology. Bleeding is more frequent in heifers (about 75 per cent) than in 
cows (48 per cent) (17), but it does not occur at every heat period in any one 
individual; great variation is shown in this respect (6). There is much divi¬ 
sion of opinion among cattle breeders concerning the significance of the 
bleeding; some hold that it is a sign that the cow has not become pregnant, 
others that she has, provided she had been served. Recent work (18) showed 
that, of 100 heifers bred at heat, 81 bled; of those that conceived, 85 per cent 
bled; but of those that did not conceive, 74 per cent bled. In a similar group 
of 100 cows 61 bled, consisting of 69 per cent of those that conceived and 39 
per cent of those that did not. 


FERTILIZATION 

As the egg is shed some time after the end of heat, it becomes important 
to know whether the cow can be bred successfully after the end of heat by 
artificial insemination and whether spermatozoa deposited in the female 
tract early in the heat period can survive until ovulation. The conception 
percentage for artificial inseminations at different times is given in Tables 8 
and 9, the latter of which relates the degree of success to the actual ovulation 
time (8, 19). The figures show that the chance of conception with early 
services is smaller than with later ones, and that after 6 hours have elapsed 
from the end of estrus it again becomes reduced. As the spermatozoa reach 
the oviduct in as few as 3 minutes after service or insemination (20), it is 
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Table 8. The EfTect on Fertility of Inseminating Cows at Different Times (19) 


TIME OF INSEMINATION 

PER CENT 

FERTILE 

Beginning of heat 

44.0 

Mid-heat 

82.5 

End of heat 

75.0 

6 hours after end 

62.5 

12 hours after end 

32.0 

18 hours after end 

28.0 

24 hours after end 

12.0 

36 hours after end 

8.0 

48 hours after end 

0 


Table 9. The Effect of Ovulation Time on Fertility (8) 


TIME OF INSEMINATION 

PER CENT 

FERTILE 

Over 24 hours before ovulation 

53-3 

19 to 24 hours before ovulation 

73-3 

13 to 18 hours before ovulation 

857 

7 to 12 hours before ovulation 

78.5 

6 hours or less before ovulation 

57-1 

2 hours or less after ovulation 

30.0 

6 hours after ovulation 

40.0 

12 hours after ovulation 

25.0 


rather puzzling why the drop in fertility begins so soon before the average 
ovulation time. Perhaps this indicates that the spermatozoa need a stay of 4 
or 5 hours in the female tract before capacitation is fully achieved. The figures 
suggest a short life for the ovum, probably 4 to 6 hours, and of 24 hours 
or a little more for the spcrmatozcx^n. 

The ovum remains in the oviduct for 96 hours; in the first 6 hours it travels 
one-third of the distance, during which time it is fertilized. After this rapid 
passage the remainder of the journey is made at the rate of about i mm. 
per hour (21). 

Twins are more frequent in dairy breeds than in beef breeds, the inci¬ 
dence being i.(S(S per cent in the former and 0.44 per cent in the latter. Mon¬ 
ozygotic twins account for 6.0 zt 1.9 per cent of the total. The chance of 
producing twins increases with the age of the dam to 8 to 9 years (22). A 
compilation of information in the Wurttemburg herdbooks gives a higher 
incidence of twins, ranging from 3.2 per cent for the spotted breed to 1.7 




588 


MAMMALIAN REPRODUCTION 


per cent for the brown breed. Triplets occurred in about 0.03 per cent of 
conceptions, and quadruplets in about 0.0004 per cent. Multiple births were 
most frequent from 5 to 7 years of age (23). There is some seasonal variation 
in the incidence of twins. In dairy cattle it is highest in July and April, 
and lowest in January and June (22); in beef cattle in the United States it 
is highest in August and lowest in March (24). Fifty-seven per cent of twins 
are male and female (23), and of the female twins in this sex combination 
only 6 per cent are fertile (25, 26). 

The sex proportion at birth has been the subject of an extensive investiga¬ 
tion (22), and it was found to be 51.52 dz .14 per cent males. The number of 
the pregnancy had no significant effect except for the first calf, in which 
the ratio was 52.76 =t .49 per cent males. The proportion in abortions and still¬ 
births was 5S.04 ±; per cent males, which suggests, in conjunction with 
the proportion at birth, that many more males are conceived than females. 
The sex proportion of fetal calves is somewhat variable, but the trend is to¬ 
ward a greater number of males in the younger fetuses (27). Multiple births 
tend to have a lower proportion of males (22). 

The mean duration of gestation varies with the breed, and the range of the 
breed means is from 277 to 290 days. The Holstein-Fricsian is one with a 
low mean and the Brown Swiss one with a high mean (2(S). There is 
general agreement that males are carried about i day longer than females 
and that the gestation of twins lasts 5 to 6 days less than that of singles. A 
slight increase with the age of the dam up to 6 years of age, perhaps 2.5 
days in all (29), has been generally noted, but the month f)f calving has little 
or no effect. There is little indication that birth is much mf)re frequent at one 
time of day than another (3t>), though there is some suggestion that fewer 
are born during the early morning and evening (31). 


HISTOLOGY OF THE FEMALE 

OVARY, At birth the ovaries are in an advanced stage of development; 
vesicular follicles can be found in young cattle at all ages (32). The number 
of ova in the ovary of the calf is about 75,000; in the i'/.- to 3-ycar-old cow 
the number is reduced to 21,000, while at 12 to 14 years only 2,500 survive 
(33)- The age at first heat has received but little attention. One investigation 
on the Holstein-Friesian calf when exceptionally well fed gave a mean age 
of 37.4 zt 7.1 weeks and a weight of 262.2 kg. For medium-fed heifers the 
age at first heat was 49.1 it 6.3 weeks and the weight was 270.4 kg. (34). 
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In Japan, Holstein^Friesian heifers reached puberty at 9.6 months and a live 
weight of 239.4 (35)* Liirgc follicles, which have reached the usual maxi¬ 

mum, 12 mm. in diameter, before the ovulatory increase sets in, are found 
in the ovaries of 6-month-old calves well before puberty (i). During the 
cycle follicles of this size, or a little larger, are found at 8 to 9 days postestrum 
and also during pregnancy (36). The maturation growth is made mainly 
during heat, and the size of the follicle at ovulation is 16 to 19 mm. (37). 
Among the smaller follicles two growth waves have been observed. The 
first is at 3 to 4 days of the cycle and the second at 12 days. Most of these 
follicles become atretic (38). 

In the mature follicle during heat the blood vessels of the theca interna, 
which is prominent in the cow, are distended, and there is a slight leakage 
(jf erythrocytes into the granukxsa and into the outer part of the liquor fol- 
liculi. A few granulosa cells are already enlarged. Many leucocytes can be 
found in the follicle. At ovulation much liquor folliculi and the cumulus 
are emitted, but most of the granulosa remains. The theca externa contracts 
markedly, throwing the theca interna and the granulosa into deep folds. 
There is some hemorrhage at the point of rupture, but any slight hemorrhage 
in the follicle is confined between the theca interna and the granulosa, where 
there is a very thin connective-tissue layer. At this time the diameter has 
shrunk to 5 to 8 mm. The follicle wall protrudes slightly through the rup¬ 
ture point, and occasionally lymj)h is extruded into the cavity and walled 
off, producing a small cyst (37). A short lime before the follicle ruptures 
the intrafollictilar pressure diminishes and the theca wall becomes slightly 
infolded. At the same time the follicle feels softer to the touch (39). 

The growth of the corpus luteurn begins immediately. Theca interna 
lobes grow into the folds and form connective-tissue strands, the blood ves¬ 
sels arc engorged, and there is an invasion of leucocytes, mostly in the theca 
interna. The lipid content ol the granulosa cells raj^idly increases, and, to 
a lesser extent, that of the theca interna cells in which the granules arc 
larger. At 3 days after heat, i.e., in the 2-day-old corpus luteurn, the granulosa 
cells have increased from 10 to 15 a*' in size. Mitoses arc fairly common in 
the theca cells; eosinophils are common, but the spindle cell invasion (thecal) 
described by Corner in the developing corpus luteurn of the pig has not 
been found. By the fifth day the granulosa cells increase to 20 /i, and by the 
sixth arterioles have formed and mitosis has ceased in the theca cells. At 
7 days the granulosa cells reach their maximum size, 25 to 30 a^, and on the 
next day connective tissue elements are becoming more pronounced. At 14 
days the lipid increases in both granulosa and theca cells, and the granules 
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begin to coalesce in the former, which, in a few cases, begin to show signs 
of degeneration. At 17 days both cell types are involved in the degenerative 
changes. By the twentieth day retrogression has well set in; large fat drop¬ 
lets are seen in the cells, and blood vessels and connective tissue are much 
more prominent. When the cow is in heat, the granulosa and theca cells 
of the old corpus luteum cannot be distinguished one from the other, and 
the capillaries undergo resorption. 

The mature corpus luteum is either globular or oblong in shape. Its color 
is at first light brown to brownish yellow. Gradually it becomes less brown 
and by the seventh day it is old gold. At 14 days it is bright golden yellow, 
deepening to orange by the twentieth day. During involution it becomes 
brick red, and it remains as a bright streak of connective tissue for a year 
or more. In old cows retrogression is slower than in young ones (37). 

The young corpus luteum measures about 6 to 8 mm. By 8 days it has in¬ 
creased to 18 to 20 mm. and when it is mature it measures 20 to 25 mm. 
There is no marked reduction in size until it is 20 to 30 days old (36). Dur¬ 
ing pregnancy its size and weight remain almost constant, but the lipid 
globules increase in size and number after 5 months. Its removal at any 
time during pregnancy results in abortion, even when this operation is per¬ 
formed late in the period (40). The average weight of the corpus luteum 
of the cycle is 5.3 g. (6); during pregnancy there is little growth after 35 
days, when the mean weight is 5.25 g. (41). The follicle content and distri¬ 
bution of several enzymes and other substances have been followed in detail. 
During the last stages of development phosphatase disappears from the 
cumulus and zona pellucida. It also is lost from the theca interna just before 
ovulation, but after that event its distribution in the developing corpus luteum 
is equalized (42). 

VULVA. During proestrum the vulva swells slightly, and this swelling 
becomes more pronounced during heat. Within the lips the mucosa becomes 
congested and is bright cherry red in color. The swelling subsides rapidly 
after heat has passed, and the vulva becomes wrinkled, but the congestion 
remains until a short while after ovulation (43). In pregnancy the develop¬ 
ment of transverse folds on the surface has been described. These are most 
marked at 7 to 8 weeks and disappear at 4/2 to 5 months (44). 

VAGINA. The vaginal epithelium consists of two distinct regions. In 
the vestibule, and for a short distance above it, stratified squamous epithe¬ 
lium with frequent patches of lymphoid tissue is found; above that region 
stratified epithelium with a superficial layer of mucoid cells extends to the 
cervix uteri. 
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In the vestibular region during heat the superficial cells react more readily 
to acid stains, and the number of leucocytes increases. There is also conges¬ 
tion and edema, both of which are also pronounced during proestrum. By 
2 days postestrum these changes have subsided, but the epithelial cells of 
the middle layer have increased in size and number, and this increase is 
very marked by 8 to ii days (36). Cornification increases from the tenth to 
the eighteenth day, after which desquamation sets in (45). Extravasation 
of erythrocytes is found in the more caudal portion of the region during 
and just after heat (36). 

In the mucoid portion of the vagina the changes with the cycle are more 
clcar-cut in the region 1 to 2 cm. from the cervix. The superficial layer 
consists of tall-columnar mucus-secreting cells with many goblet cells inter¬ 
spersed between them. The latter arc less frequent posteriorly. Below this 
layer arc 2 to 6 layers of polyhedral cells. During proestrum the goblets are 
clear and free from granules; the cells do not stain with hematoxylin at 
this time but do with mucicarmine. The stroma is edematous. At heat the 
congestion and edema are more pronounced and the cells secrete mucin. 
The initiation of secretion proceeds down the vagina in a wave so that 
during the postcstroiis period the posterior portions of the mucoid region 
are active. The nuclei are compressed into the basal ends of the cells. Edema 
and congestion disappear rapidly after the end of heat; the epithelium 
decreases in height as the cells are emptied of their secretion, and the nuclei 
become oval. By 2 days postestrum the superficial layer takes on a serrated 
appearance and begins to stain with hematoxylin more intensely than it did 
before; the polyhedral cells increase in number, and, though there arc few 
leucocytes, many lymphocytes invade the stratified layer. During the mid- 
diestrum the surface epithelium is low columnar and vacuolated, but this 
is succeeded by gradual growth to the next proestrum (36). 

Smears from the vestibule show increased numbers of cornified cells dur¬ 
ing proestrum and estrus, but leucocytes are never absent; individual varia¬ 
tion is so great that little reliance can be placed on the smear as a method 
of diagnosis. Deeper smears contain more epithelial cells and lymphocytes. 
Idierc is a sudden, marked increase in leucocyte content 3 hours after mating 

(46) . This would appear to be due not to friction but to the presence of 
semen in the tract, since the condition also follows artificial insemination 

(47) . Besides the metestrous bleeding, erythrocytes may be detected in the 
vaginal smear at the tenth day of the cycle and the discharge is also positive 
to the benzidine test at this time. There is reason to believe that this is caused 
by a diminution in circulating estrogen (48). In the cervical region cornified 
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cells are most abundant from 8 to 12 days (49). Phosphatase activity is 
greatest in the vaginal mucus two days before estrus, and it is again high 8 to 
12 days after heat (50). 

UTERUS. The cervix uteri is covered with a single layer of mucoid epi¬ 
thelium which is much folded. The changes during the cycle are similar 
to those described for the upper vagina: congestion and edema during, and 
just after, heat; cubical cells in the diestrum, becoming columnar and full 
of mucin during heat, discharging and becoming ragged and cubical about 
72 hours after heat (i). The epithelial cells reach their greatest height at 
17 to 18 days; secretion begins at the tips of the ff)lds, and exhaustion of the 
cells is not complete in the crypts until about the fourteenth day (45). The 
cervix is relaxed at the time of heat and contracted in diestrum (g). 

The uterus contains numerous caruncles or cotyledons which aid in the 
attachment of the fetal membranes. The stroma is somewhat more dense 
in the cotyledons; there are more blood vessels and no gland openings. The 
intercotyledonary area is richly supplied with glands, which are scanty be¬ 
fore puberty but rapidly develop as sexual life begins (i). 

At the end of diestrum the uterine epithelium is tall columnar and pseudo- 
stratified, and the stroma becomes congested and edematous. These changes 
increase during, and for a day after, heat. At the second day the congestion 
and edema have decreased while the cells, which have begun to secrete, 
are flatter. At this time, also, many of the congested blood vessels break 
down, and extravasated blood is present, especially in the cotyledons. At no 
time docs the epithelium break; the erythrocytes find their way in large 
numbers into the lumen by diapedesis. This is the source of the postestrous 
bleeding. There is a similar, but much less severe, extravasation of blood 
at about the tenth day which does not appear as a vaginal discharge (^6). 
This occurs at about the same time as the interheat vaginal congestion. The 
glands are fairly quiescent and the lumens straight during procstrum and 
heat. At 2 days postestrum they are more coiled, and the lumens are filled 
with secretion; they begin to hypertrophy as the corpus lutcum grows, and 
they are at their greatest growth at about f2 days postestrum. At the fifteenth 
day retrogression begins (9). 

The muscle fibers of the uterus are longest at the time of heat and for 2 
days afterwards. This growth begins at the tubal end of tltc uterine horns 
and spreads toward the cervix. Afterwards the fibers diminish in size and 
are shortest at about the seventeenth day. They have most spontaneous ac¬ 
tivity when they are longest (5,). Alkaline phosphatase is present in the 
mtercaruncular stroma and in the epithelial cells. In the latter it is highest 
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in mid-cycle, and there is little or none at the beginning and end (52). The 
glycogen content follows the reverse pattern (52, 53). 

OVIDUCT, The tubo-uterine junction of the cow is at the tip of the 
cornu. It is straight, without a villus, and with only a slight sphincter, which 
does not prevent the passage of fluid from the uterus into the tube (54). 

The tubal epithelium has a distinct cycle. More mucus and leucocytes 
are found in the lumen at 2 days postestrum than at other times; the epithe¬ 
lium becomes lower at 8 days, and at this time numerous globules of cyto¬ 
plasm, the centers deeply staining with hematoxylin, are found. These have 
been interpreted as extruded nuclei, but, to the writer, they appear to be 
secreted prf)tein which is imbibing fluid at the periphery, thus staining less 
dcc[)ly in that region than at the center. During procstrum the cilia are 
much more prominent than they are earlier, and the cells enlarge. They are 
tallest during heat and lowest at from 8 to 12 days, when the protein has 
been extruded. In the follicular phase of the cycle alkaline phosphatase is 
high and there is a concentrated cytoplasmic basophilia. In early diestrum 
more goblet cells arc in evidence and more extrusions, interpreted as nuclei. 
In the luteal phase glycogen is in evidence and small amounts of lipid ac¬ 
cumulation (55). 

ANTERIOR PITUITARY. A small basophil cell, designated the delta cell, 
is present in the anterior pituitary. This type of cell is closely associated with 
the capillaries and it is believed to secrete L.H. Degranulation of these cells 
occurs during the first hours of estrus, but does not occur in those cows that 
come into heat but do not ovulate. Acidophil cells discharge their granules at 
about the third day after estrus and reach a peak of degranulation at about 
the tenth day. They appear to be very active from the fourth to the eighth 
month of pregnancy (56). This suggests that they are associated with pro¬ 
lactin secretion. 


PHYSIOLOGY OF THE FEMALE TRACT 

One of the main external characteristics of the heat period is the secretion 
of large c]uantities of stringy mucus, which is derived partly from the mucoid 
epithelium of the vagina and partly from the seal which plugs the cervix 
when the cow is not in heat. This liquefaction is brought about by a change 
in pH which occurs at heat. The literature on this subject has been summa¬ 
rized (57). In vitro specimens of the vaginal secretions are rarely acid. Dur¬ 
ing the diestrum they average pH 8.1, dropping to 7.2 at heat, while the 
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cervical mucus is about 1.5 units lower. The injection of estrogens into sterile 
cows brings about the shift in pH observed during heat (58). The in vivo 
changes are not so marked; the secretions are less alkaline, and they may 
even be acid (57, 59). 

The flow properties of the mucus have been investigated, and they may be 
used as an indication of physiological heat when psychological signs are 
slight. The viscosity is least, and the flow elasticity is greatest, at heat. The 
decrease in viscosity begins 24 hours before heat, and it has risen again by 
60 hours postestrum (60). In the ovariectomized cow a flow of mucus can 
be produced by the injection of small amounts of estrogen, 350 to t,ooo 
R.U. daily; with larger doses, 10,000 R.U. and upwards, it is suppressed 
because of the cornifying action of these large doses upon the vaginal epithe¬ 
lium (61). During pregnancy the cervical seal is exceptionally tough in spite 
of the estrogens present at that time. 

It has been suggested that the pattern assumed by the mucus when it is 
fixed on a slide is an indication of the reproductive state of the female. One 
such report uses silver nitrate as fixative and follows it with Giemsa stain. 
In the follicular stage large crystal forms are seen, while in the lutein stage 
the small crystal forms are noted. At estrus there were always large fernlike 
crystals (62). During pregnancy a frizzy hairlike pattern was observed. It 
appeared by the thirty-fifth day (63). Another report gives greatest arboriza¬ 
tion at estrus and least in mid-cycle (64). 

The motility of the uterus during the cycle has been studied by the balloon 
technique (65). Activity is very marked during heat and for 2 to 3 days after 
ovulation, but the uterus becomes relatively refractory to pituitrin imme¬ 
diately after ovulation. Spontaneous activity decreases until the eleventh 
to the sixteenth day after ovulation, but from that time onward spontaneous 
activity and response to pituitrin increase, to become greatest during heat. 
Ovariectomy abolishes spontaneous motility. Uterine strips have been studied 
in detail (55). Spontaneous motility is greatest in these during proestrum 
and estrus, when the muscle fibers are longest; it becomes irregular during 
metestrum and dies down in diestrum. Two types of waves have been 
observed, strong contractions of great amplitude at intervals of 1.5 to 2 
minutes, and small contractions at intervals of 20 to 30 seconds. The latter 
increase in importance during metestrum and are a large factor in the pro¬ 
duction of the irregularity. In early diestrum long rhythmic changes of 
tone also occur. Sympathicomimetic drugs are active at all times in the 
cycle, but parasympathicomimetic drugs are irregular in their action or 
even inert. Epinephrin is inhibitory during the estrogenic phase and motor 
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in the lutein phase of the cycle. The cow is similar to the dog and cat in 
this respect. During proestrum there is a tendency for a diphasic response to 
appear, first a slight contraction, then a marked relaxation. After ovariectomy 
spontaneous activity is not always abolished, but epinephrin is without 
effect, a difference from the result found in the cat (6i). If the ovari- 
ectomized cow is treated with estrogen, the characteristic spontaneous, and 
also the epinephrin, responses are evoked. If she is treated with 250 R.U. of 
estrogen and 18 Rab.U. of progesterone together each day for 6 days, a 
marked diphasic response to epinephrin is given. If the progesterone is in¬ 
creased to 35 Rab.U. daily, the estrogen relaxation with epinephrin no 
longer occurs and contractions result. With these doses of estrogen the low 
progesterone cows showed an approximation to the estrogen type of spon¬ 
taneous activity; with increasing doses of progesterone the activity became 
less in amount and more irregular. 

The level of estrogen in the follicular fluid of cows is about 321 M.U. per 
kg. of fluid (66) or, in ovaries at the time of heat, 4.6 R.U. per follicle (67)- 
The minimum dose of estrogens that will bring the spayed cow into heat 
is 350 R.U. of estradiol benzoate for 2 days, and the average dose is 600 R.U. 
per day for 3 days. The less vigorous the heat period in normal life, the 
harder it is to bring the cow in heat after ovariectomy. Even though the 
injections are continued, the cow remains in heat for less than a day. The cen¬ 
tral nervous system becomes refractory, since the usual changes in the 
uterus and vagina continue. As this threshold is very low, it is logical to 
assume that in the normal cow it is reached early in the development of the 
follicle. As refractoriness sets in quickly, the cow goes out of heat although 
the follicle is still growing. Hence the fact that the cow, alone of all known 
animals except the bat, in which the cause may be different, is out of heat 
before ovulation. Estrogens cannot be detected in the urine at any time of 
the cycle (61), but in whole jugular blood the amount is greatest at estrus, 
and again at 9 to 19 days. The levels are much higher in primiparous than 
in multiparous cows (68). 

Near ovulation time the follicle contains 3 /tg. of progesterone per ml. of 
fluid (69). The amount of progesterone in the corpus luteum of the cycle 
is about 29.2 /u/g, tissue at day 8; and it rises to about 45 g/g. tissue at day 
15 or 16. Then it falls rapidly (70, 71). The daily output is probably between 
18 and 35 mg. (61). In the jugular blood there is a trace of progesterone at 
estrus and the level rises to about 6 g/ml. when the corpus luteum is active 
( 68 ). 

Even during pregnancy the output of estrogens is low. Estrone is present 
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in the urine to the extent of 0.3 mg./l., and estradiol-i7a o.i mg./I. There 
is no estradiol-17/0 (72)- The feces also contain estrogens, especially in the 
last few weeks of pregnancy (73). The level of progesterone in the corpus 
luteum is highest during mid-pregnancy; the level in the placenta is very 
low (74). Relaxin may be detected in the blood at the end of the first month 
of pregnancy. The level increases to 6 months and then remains steady. 
There is a sharp fall within 24 hours following parturition (75). 

The anterior pituitary of cattle contains very little F.S.H., the lowest yet 
known (76, 77). The content of L.H. is about the same as that of the hog but 
is considerably lower than that of the sheep. The cow seems to have a low 
level of sex-hormone activity throughout. The freemartin, female cotwin 
to a bull, is usually sterile because the gonads have been modified toward the 
male. Probably this is due to the low threshold of the hormones involved. 
The cat also has the anastomosis of blood vessels regarded as necessary for 
the production of this anomaly, but feline freemartins have not been found. 
The cat has a higher level of sex-hormone activity throughout, so the thresh¬ 
old which would produce a change may be higher and not attained during 
pregnancy. The level of gonadotrophic hormones in the anterior lobe is 
highest at day ii of the cycle. It remains high until day 18 or 19, when it 
decreases through cstrus. It is lowest at ovulation but begins to increase by 
65 hours after the onset of estrus (78). The level of prolactin in the anterior 
pituitary is high, about 400 to 500 B.U. per gram of fresh tissue (79). 

The gonadotrophic hormones are said to be concentrated in the medulla, 
and the lactogenic hormone in the cortex, of the pituitary (80). The content 
of the former falls steadily during gestation ( 8 t). 

It has been reported that 1,500 I.U. of pregnant mare’s serum does not 
produce ovulation in the presence of the corpus luteum, but that 5,000 I.U. 
is effective (14); another report records that 700 M.U. is the most effective 
dose. The follicles rupture 48 to 72 hours after injection, and the normal 
periodicity of the cycle is not disturbed. Injections were made 4 to 8 days 
after normal heat (82). Daily injections of 25 mg., or more, of progesterone 
suppress ovulations so that estrus and ovulation do not occur until 4 to 7 days 
after injections are stopped (83). An injection of 5 to 10 mg., however, 
during the first 2 hours of cstrus shortens its duration and hastens ovulation 
(84). Ovulation may be delayed by keeping the cow under the influence 
of atropine during and after heat (85). Daily injection of oxytocin at the 
rate of 7 U.S.P. units from day 3 to 6 prevents the formation of a normal 
corpus luteum; a new ovulation follows cessation of the treatment in 2 or 4 
days (86). A similar result follows dilation of the uterus in the first third 
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of the cycle (87). The oxytocin method of suppressing the corpus luteum has 
been used to estimate the level of progesterone needed to maintain pregnancy 
at 15 days. If the corpus luteum contained 100 /^g the embryo survived (88). 
When corpora lutea were removed by surgery early in pregnancy abortion 
resulted. Daily injections of 100 mg. of progesterone maintained the preg¬ 
nancy; 75 mg. were less successful. It was possible to cease the injections as 
early as 162 days; birth then took place at 267.5 but in most the placenta 
was retained (89). Removal of the uterus causes the corpus luteum to be 
retained for at least 154 days (90). 

New ova are produced during adult life from the neogenic stratum below 
the ovarian tunic and not from the stratum germinativum (91). The cow’s 
ovum has been described and measured; it is 120 /l in diameter without the 
zona pellucida (92). The pH of the uterus from which this specimen was 
obtained was 7.1, which agrees well with the pH recorded by others (47). 
Tables showing the rate of prenatal growth of the embryo and fetus have 
been prepared (93, 94). The vaginal temperature of the cow is low, loi.i^ F., 
just before cstrus begins. On the day of cstrus it is high, 101.5° f*-’ but at 
ovulation it falls to 101.2° F. It remains high, io[.4° F., in the lutein stage 
of the cycle and in pregnancy. Progesterone is responsible for the high level 
(95). According to pedometer readings the cow is restless during heat. She 
begins walking between 5 p.m. and 4 a.m. and the activity increases from 
5 A.M. to 4 P.M. (()6). In Jersey herds the incidence of postconception heats 
was from 2.1 to 7.75 per cent (97). 


THE MALE 

At T month of age the testis consists mainly of mesenchyme. Cells of 
Leydig are formed by months; from 2 to 5 years of age they are highly 
vacuolated, then the vacuoles diminish. I'he androgen content of the testis 
increases at a uniform rate during the first 2 years. From 2 to 5 years it in¬ 
creases sharply, and thenceforward it decreases. There are no striking changes 
in the Leydig cells or in the androgen content of the testis at puberty (98). 

At 63 days a few primary spermatocytes may be found in the tubules, at 
181 days they arc abundant in all tubules, and at 224 days spermatozoa are 
fully formed (99). The testis increases tenfold in size from birth to 3 months 
and threefold from the fourth to the seventh month. Spermatozoa are formed 
at 6 months, and at 7 months they are free in the lumen of the tubules (too). 
In an investigation to compare the rate of development of Holstein-Friesian 
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bulls at different feed levels, those on a high plane of feeding came into 
semen production at 37 weeks and at 644 lb. weight. Those on a medium 
plane came into semen production at 43 weeks and 519 lb. weight (loi). 

Spermatozoa remained potentially motile in the epididymis isolated from 
the testis for over 2 months (102). It is interesting to note in this connection 
that Aristotle was led to deny any direct reproductive function for the testis 
because a bull remained fertile for a while after it had been castrated (103). 
In the ampulla of the vas deferens spermatozoa remain motile for less than 
72 hours ([04). It takes them 48 to 50 days to traverse the epididymis and 
the rate is not related to the frequency of ejaculation (105). The average 
number of spermatozoa to be found in the ampulla was 418 million, in the 
ductus deferens 340 million, and in the cauda epididymides 8,806 million. 
Another count gave 45.4 per cent of the available spermatozoa in the cauda, 
18.3 per cent in the corpus, and 36.2 per cent in the caput of the epididymis 
(106). In 35 mature bulls the average number of cxtragonadal spermatozoa 
was 72.6 billion and the gonadal reserve 58,4 million per gram of tissue (107). 

The normal ejaculate is an opaque, white to yellowish-white, milky or 
creamy fluid, and the higher the sperm content, the whiter it is. For dairy 
bulls the mean volume is 4.6 cc., with a modal ejaculate of 4 and 5 cc. (108). 
Other records give 3.7 it: .2 cc. (109), and 4.2 cc. (no). The mean sperm con¬ 
tent is 1,010,800 per cu. mm., with a wide range from 120,000 to 2,144,000, 
and a modal frequency of 750,000 to 1,250,000 (108). These figures are very 
close to those given by most other workers, and they may be regarded as 
typical. The mean pH is 6.9 dr .07 (109), also typical of most results. In this 
case the range was 6.39 to 7.81. The same paper gives the A as 0.62® C. Semen 
is well buffered in the region of pH 4.0 to 5.5 and from pH 9.0 to 10.0, but 
buffering is higher on the acid than on the alkaline side of neutrality. As 
the curve for fluid from the seminal vesicles is very similar to that for whole 
semen, probably the secretion of these glands determines the shape (m). 

There is no seasonal variation in pH; the semen volume is least in July 
to September; and during these months initial motility and power of survival 
are least, and the proportion of abnormal spermatozoa is greatest. The best 
semen is produced in the spring (112). There is no difference in effec¬ 
tiveness if artificial insemination is performed with a volume of semen over 
a range of 0.4 to 6.0 cc. (108). 

The pH of the seminal vesicle secretion, taken post mortem, varies from 
5.5 to 6.5 (113)* The K, Na, and Ca content of some of the secretions of the 
male tract are given in Table 10 (114). 
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Table 10. Average Composition of Secretions from the Accessory Sex Organs of the Bull 

ORGAN 

CONTENT, 

iTig. per 

100 cc. 


K 

Na 

Ca 

Epididymis 

278.4 

115.0 

81.7 

Ampulla 

320.8 

165.4 

26.7 

Vcsiculae scrninalcs 

326.1 

138.5 

32.6 

Sperm serum 

227.8 

be 

33-9 


For range (beef) cattle the semen volume was 4.84 it .07 cc., with a 
modal distribution from 3,5 to 5.5 cc., and 80 per cent between 2.5 and 7.5 cc. 
The mean concentration of spermatozoa was 1,160,000 per cu. mm., with a 
mode of 1.1 to 1.3 millions, and 80 per cent between 0.7 and 1.7 millions (7). 
These figures are a little higher than similar means for dairy bulls. 

The amount of inositol in semen plasma is 63 mg. per 100 ml., and in the 
secretion of the seminal vesicles it is between 26 and 55 mg. per 100 ml. (115). 
The fructose level is about 300 mg. per 100 ml. in whole semen, and that of 
citric acid may be as high as i per cent (116). 

The length of seminiferous tubules in one testis is about 5,350 meters (117). 
The temperature of the testis is about 4^ C. below the body temperature 
taken in the rectum (118). Androstenedione is present in the testis at all 
stages oi devclojiment. Testosterone is also present and the combined content 
is about the same in young calves and fully mature bulls, but in young calves 
the predominant substance is androstenedione, while in mature bulls it is 
testosterone. The change in relative proportions takes place at puberty (119). 
Bull’s urine contains 200 M.U. of androgen per liter (120). 
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Bos (Poephagiis) grunniens L. 
YAK 


The yak In Russian Asia reaches puberty at the age of 24 to 30 months. 
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The breeding season is well defined lasting from June to November, during 
which time the female is polyestrous. The gestation period is 258 days (i). 
In the London zoo births have occurred year-round, but mostly from April 
to August. A single calf has always been born (2). 

1. Denison, V. F. Izv. Akad. Nauk, S.S.S.R., 863-878, 1938. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Bibos gaums H. Smith 
GAUR 


In Malaya the gaur has no special breeding season, and it calves at any 
time of the year, though it does so infrequently from October to December, 
the wettest months (1). As the period of gestation is 9 months, mating must 
be relatively infrequent during the period of January to March. In India 
it breeds at difTerent seasons in different districts, but the most frequent 
breeding time is in December and January, and births are mostly in August 
and September. One or two are born (2), though twins are said to be 
rare (i). 

The evidence suggests a polyestrous animal, and this is supported by the 
fact that B, frontalis Lambert, the gayal, which is the domesticated form of 
the gaur, has a 3-week cycle all the year round (3). 

1. Hubback, T. H. JM., 18: 267-279, 1937. 

2. Braiider, A. A. D, Wild Animals in Central India. London, 1923. 

3. Heape, W. QJMS., 44: 1-70, 1901. 


Bibos indicus L. 

ZEBU, HUMPED CATTLE 


In India the first estrus in the Hariana breed was at age 909 zt 43 days. 
The duration of estrus was 19.0 ±; .6 hours for heifers, and for cows, 
23.9111 .9 hours (i). In Peru the cycle length has been 21.5 days and the 
duration of estrus 16.6 hours. Ovulation was 9.65 hours after its expiration. 
The duration of estrus was reduced to 11.5 hours after natural service (2). A 
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report from Uganda gives a modal heat length of 24 hours with a spread 
from 12 to 48 hours (3). In the Philippine Islands the Red Sindi breed has 
heats at intervals of 21.3 zb 1.2 days and they have lasted 13.4 ± .8 hours (4). 
In Nyasaland conceptions are most frequent in October or November under 
conditions of hot weather and low humidity (5). Otherwise the species is 
described as polyestrous and breeding all year. If the cows are inseminated at 
the beginning of estrus the conception rate is 16 per cent. At mid-heat the 
level has risen to 66 per cent, while at the end it is 44 per cent (6). In 
Tharparkar cows the pH of the vaginal secretions have varied from 6.0 to 
8.25, with most about 6.5 (7). 

The estrogen excretion during pregnancy is as follows (8): 

At 93 days, 33 M.U. per liter 

101-T50 days, 443 M.U. per liter 

151-200 days, 555 M.U. per liter 

201-250 days, 833 M.U. per liter 

251-term 1,100 M.U. per liter 

The sex proportion of 8,770 calves was 50.()2 ± .36 per cent males (9). 
The duration of gestation is about 285 days. Mean durations have varied 
from 282 to 292 days. A typical report for the Red Sindi gives 286.5 zb .5 
days for male calves and 284.5 zb .5 days for females (10). In East Africa, 
where the shorter gestation was reported, November calvings followed a 
gestation that is 3.0 days longer than those ending in October, and these 
are 0.8 days longer than those ending in September. The difference is 
ascribed to the smaller amount of available nutrition at the end of the dry 
season (ii). 

Semen volume has been recorded as 3.16 ml. and 3.8 ml. Sperm concentra¬ 
tion was 1,455 and 1,476 million per ml.; the standard error of these figures 
was 82 and 128 million. The pH of the semen was 6.18 zb .025 and 6.25 db 
.025 (12). 

1. Ahuja, L. D., S. N. Luktuke, and Bhattacharya. Indian J. Vet. Sci., 31 (suppl. 
to No. 4): 13-14, 1961. 

2. Villacorta Vasquez dc Vclazko, E. Vet. y Zootcc. Lima. 12(32): 4-6, i960. 

3. Rollinson, D. H. L. Nature, 176: 352-353, 1955. 

4. Nazareno, L. E. Philippine Agric., 37: 339-352, 1954. 

5. Wilson, S. G. J. Agric. Sci., 36: 246-257, 1946. 

6. Costa Aroeira, J. A. D. Bol. Insemin. Artif., Rio de Janeiro, 7: 47-53, 1955* 

7. Chaudhuri, A. C., and R. B. Prasad. Indian J. Vet. Sci., 24: 81-87, ^ 954 * 

8. Anderson, J. Vet. J., 90: 295-298, 1934. 
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9. Craft, W. A. Quart. Rev. Biol., 13: 19-40, 1938. 

10. Singh, R. S., and S. N. Ray. Indian J. Dairy Sci., 14: 1-7, 1961. 

11. Hutchinson, H. G., and J. S. Macfarlane. East Africa Agric. J., 24: 148-152, 1958. 

12. Shukla, D. D., and P. Bhattacharya. Indian J. Vet. Sci. and Animal Husbandry, 
19: 161-170, 1949. 

Bibos banteng Raffles. The banteng mates from September to October, 
and the calves are born in April or May (i). 

I. Hermanns, M. J. Bombay Br. Roy. Asiatic Soc., 27: 134-173, 1952. 


Syncerus caffer Sparrman 
AFRICAN BUFFALO 


The evidence regarding the breeding season of the African buffalo is 
somewhat conflicting, suggesting a fairly prolonged season, the length of 
which depends upon climatic conditions. In South Africa the breeding season 
appears to be from September to March, the spring and summer, and as the 
gestation period is about 11 months, the calving season is about the same (i). 
In the London zoo births have been distributed throughout the year (2). 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

Syncerus nanus Boddaert. This buffalo has been recorded with a 103-cm. 
fetus in May (1). 

I. Frechkop, S. EPNA., 1943. 


Bison bison L. 

BISON, AMERICAN BUFFALO 


The bison in captivity has cstrous cycles of about 3 weeks’ duration all 
through the year (i), but records of the numerous herds when they were at 
large on the North American prairies indicate that in a state of nature their 
main mating season was from July to September. The period of gestation 
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is about 9 months (2). In Canada the breeding season is restricted, beginning 
toward the end of July and lasting for 6 weeks. The duration of heat is 
believed to be fairly long, at least 2 days (3). The males rut from mid-June 
to the middle or end of September, but the distribution of births indicates 
that they breed at other times as well. The main calving season is in April 
and May. Puberty is reached at age 2 years. After the age of 12 years is 
reached the incidence of pregnancy declines gradually. The newborn are 
50.4 per cent males (4). In Jackson Hole the age at puberty is 3 years (5). 

1. Hcape, W. QJMS., 44: 1-70, 1901. 

2. Brown, C. E. JM., 17: 10-13, 1936- 

3. Deakin, A. Personal communication, 1944. 

4. McHugh, T. Zoologica, 43: 1-40, 1958. 

5. Negus, N. C. JM., 31: 463, 1950. 


Bison bonasiis L. 
WISENT 


This buffalo reaches puberty in both sexes at about the fourth year of 
life. The females mate all year but mostly in August and September, so that 
the majority of calves are bcjrn in May or June (i). The gestation period 
averages 265 days, with about 55 per cent between 260 and 269 days. Single 
calves are almost invariable, and the newborn are 49.2 per cent males (2). 
The interval between heat periods is irregular, but is probably mostly between 
21 and 26 days (2). On reserves the cows calve twice in 3 years, but in the 
wild only once every 2 years (3). 

1. Glover, R. JM,, 28: 333-342, 1947. 

2. jaezewski, Z. Acta Theriol. i: 333-376, 1958. 

3. Scibor, J. Med. Wet., 15: 712-713, 1959. 



ARTIODACTYLA 


607 


CEPHALOPHINAE 

Cephalophus 

DUIKER 


Cephalophus dorsalis Gray. The gestation of this species lasts about 4 
months (i). In the London zoo the preorbital glands of the male were 
markedly swollen during the summer months (2). 

C. harveyi Thomas. A female with a single fetus is reported for March (3). 
C. maxwelli H. Smith. In the London zoo births of single calves have 
been distributed throughout the year (4). The gestation period lasts about 
4 months (5). 

C. monticola Thunberg. The blue duiker drops its calves all the year but 
mostly in September and October (6). The single newborn calf has been 
found in February (7). 

C. natalensis A. Smith. The red duiker usually drops its calves from 
October to November. One, or rarely 2, is the rule (5). 

C. sylvicultrix Afzelius. The calves are born after a gestation of about 4 
months (i). A single calf is produced at yearly intervals (7). 

1. Jeannin, A. Les Mammiferes Sauvages du Canicroun. Paris, 1936. 

2. Poc(Kk, R. I. PZS., 840-986, 1910. 

3. Lunnberg, E. Kiingl. Svenska Vetansk. Akak. Haiullingar, 48(7), 1912. 

4. Zuckerman, S. PZS., 122; 827-950, 1952-3. 

5. Rode, P. Mammiferes Ongules de I’Afriquc Noire. Paris, 1943. 

6. FitzSimons, F. W. The Natural History of South .Africa. London, 1919. 

7. Allen, G. M., B. Lawrence, and A. Loveridge. HCMZ., 79: 31-126, 1935-7. 


Sylvicapra grimmia L. 
DUIKER 


In the wild this species breeds all year but most calves are born in spring 
and early summer. Usually i calf is produced at a time (i), and records of 
twins arc very rare. Gestation lasts about 4 months (i). In the London zoo 
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calves have been born throughout the year (2). The preorbital glands of 
males discharge in July but have become inactive by August (3). In February 
a pregnant lactating female was taken in Northern Rhodesia (4). 

1. FitzSimons, F. W. The Natural History of South Africa. London, 1912. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Pocock, R. I. PZS., 840-986, 1910. 

4. Allen, W. F. H. PZS., 134: 251-274, i960. 


HIPPOTRAGINAE 
Kobus dejassa Riippell 
WATERBUCK 


This species breeds all the year but most calves are born in the full dry 
season, or December to May (t). There is probably no fixed season but, in 
the Kafue National Park the peak of births was from February to March 
(2). The gestation of the single calf is 243 days (3). A female with 3 embryos 
has been recorded (4). 

1. Vcrschuren, J. EPNG., 1958, 

2. Ansell, W. F. H. PZS., 134: 251-274, i960. 

3. Dekeyser, P. L. Les Mammiferes dc TAfrique Noire Franqaise. n.p,, 1956. 

4. Frechkop, S. EPNU., 1944. 


Kobus ellipsiprymnus Ogilby 
WATERBUCK 


In captivity the females of this species have a scries of 3-week cycles from 
May to July (i). In the wild the single calf is born at any time during the 
summer after a gestation of about 8 months (2). Matings have been seen 
from June to August but there is probably no fixed season (3). Another 
account gives the calving season as from late February to April (4). This 
agrees with the mating time. 
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1. Hcape, W. QJMS., 44: 1-70, 1901. 

2. Hamilton, J. S. Animal Life in Africa. London, 1912. 

3. Anscll, W. F. H. PZS., 134: 251-274, i960. 

4. Dasmann, R. F., and A. S. Mossman. JM., 43: 533-537, 1962. 


Adenota \ob Erxleben 
KOB 


This species breeds most of the year but births are especially numerous 
in the first months of the year, i.e., in the dry season (i). Gestation lasts 
for 5 to 6 months (2). Ovulation takes place at random between the ovaries 
but implantations are invariably in the right horn of the uterus. There is 
a record of twins, both in the right horn (3). 

r. Verschuren, J. EPNG., 1958. 

2. Frcchkop, S. EPNA., 1943, 

3. Bucchner, H. K. Nature, 190: 738-739, 1961. 

Adenota vardoni Livingstone. The puku calves in November and Decem¬ 
ber (i). The main lambing season is probably from May to September, with 
a peak in June to August, though a near-term fetus has been found in 
November (2). 

1. FitzSimons, F. W. The Natural History of South Africa. London, 1912. 

2. Anscll, W. F. H. PZS., 134: 251-274, i960. 


0 notragus leche Gray 
LECHWE 


The season of birth is in October and November (i) and the calves are 
born after a 7-month gestation (2). A prolonged lambing season, mostly in 
mid-July to mid-August, has also been reported and a gestation probably 
nearer 8 months than 7 (3). In the London zoo the single calf has been born 
at all times of year (4). 
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1. FitzSinions, F. W. The Natural History of South Africa* London, 1919* 

2. Wilhelm, J. H. J. South West Africa Sci. Soc., 6: 51-74, I 933 - 

3. Ansell, W. F. H. PZS., 134: 251-274, i960. 

4. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Red tinea arundinum Boddaert 
REEDBUCK 


This species has no regular season but in the low country most calves 
are born in August and September. On the mountain plateaus December 
to March are the usual months (1). In the London zoo births have been 
grouped in the months from October to May and gestation has lasted 233 
days (2). Usually a single lamb is born, occasionally twins (3). 

1. FitzSimons, F, W. The Natural History of South Africa. London, 1919. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Ansell, W. F. H. PZS., 134: 251-274, i960. 

Redunca fulvorufula Afzelius. This species has its young from October to 
December (i). 

R. redunca Pallas. This reedbuck breeds at any season of the year (2). 
A record of a female taken in March gives a single fetus (3). 

1. FitzSimons, F. W. The Natural History of South Africa. London, 1919. 

2. Schuster, L. Zool. Garten, 2: 114, 1929. 

3. Frechkop, S. EPNA., 1943. 


Pelea capreoltis Bechstein 
VAAL RHEBOK 


The single or twin calves are born in November and December (i). 
I. FitzSimons, F. W. The Natural History of South Africa. London, 1919. 
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Hippotragus 

ANTELOPE 


Hippotragus eqtiinus Desmarest. The roan antelope breeds at any time 
of the year but most calves are born from August to February, or in January 
to February in the southern part of Africa (i). The gestation period is about 
ID months (2). 

H. niger Harris. The sable antelope has no fixed season. The calves are 
born from August to February, but in the south they are dropped mostly in 
January or February (i). Observed gestations have been 272 and 281 days 

(3). 

1. FiizSirnons, F. W. The Natunil History of South Africa. London, 1919. 

2 . Rode, P. Mamniifcres Ongules de TAfrique Noire. Paris, 1943. 

3. Hamilton, J, S. South African Mammals. London, 1912. 


Oryx 


Oryx algazcl Oken. The white oryx breeds all year and the gestation 
period lasts for 9 to 10 months (i). In the London zoo single calves have 
been born at all periods of the year (2). 

O. beisa Ruppell. llie beisa oryx breeds in September and has a single 
calf (3) after a gestation of 260 to 300 days (4). 

O. gazella L. The gemsbok breeds in October and November in South 
West Africa (5). In Angola the calves are born in January (6). At the 
Oklahoma City zoo a female gave birth to a single calf in September (7). 

1. Dekeyscr, P. L. Lcs Mammifcrcs de I’Afrique Noire Fran^aise. n.p,, 1956. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Roosevelt, T., and E. Heller. Life Histories of African Game Animals. New York, 
1914. 

4. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 

5. Wilhelm, J. H. J. South West Africa Sci. Soc., 6: 51-74, 1933- 

6. Blaine, G. PZS., 317-339, 1922. 

7. Thomas, W. D. JM., 43: 98-101, 1962. 
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Addax nasomaculatus Blainville 
ADDAX 

The single young is born after a gestation of lo to ii months (i). 

I. Malbrant, R. Faune du Centre Africain Fran^ais. Paris, 1952. 


Dam discus 


Damalisctts albifrons Burchell. In the London zoo the blesbok has given 
birth to single calves at all times of the year. The gestation period has lasted 
from 7 to 8 months (i). 

D. \orrigtim Ogilby. The single calf is born after a gestation of about 
214 days (2). 

D. lunatus Burchell. The sassaby has its calves in September and October 
after a gestation of 7V2 to 8 months (3). Towards the northern limit of its 
range they are born in July (4). 

Pallas. The bontebok has its young in September and October 
after a gestation of 9 to 10 months (5), or of 230 days, according to another 
report (6). 

1. Zuckerman, S. PZS., 122: 827-950, 1952-3, 

2. Dekeyser, P. L. Les Mammiferes de I’Afriqiie Noire Fran(;aise. n.p., 1956. 

3. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

4. Ansell, W. F, H. PZS., 134: 251-274, i960. 

5. FitzSimons, F. W. The Natural History of South Africa. London, 1919. 

6. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 


Alcelaphiis lichtenstemi Peters 
HARTEBEEST 


This species breeds in the early summer (i). It calves from September 
to November (2) after a gestation of about 8 months (i). There seems to be 
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considerable variation with the locality as a July calving peak, with all 
the calves born within a short period, has also been reported. A few were 
born in June and September. In Luangwa calving is in October and Novem¬ 
ber. The gestation is about 237 days (3). 

1. Hamilton, J. S. Animal Life in Africa. London, 1912. 

2. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

3. Anscll, W. F. H. PZS., 134: 251-274, i960. 

Alcelaphus caama Cuvier. This hartebecst has its calves from October to 
November (i) after a gestation of 242 days (2). 

A, coJ{ei Gunther. The kongoni probably has an extended season (3, 4), 
and usually one calf. 

A. Iclwel Heuglin. The lelwel usually has its calves early in the dry season, 
in January and February (5). 

A, major Blyth. This species has a gestation period of 242 days (6). 

1. Wilhelm, J. H. J. South West Africa Sci. Soc., 6: 51-74, 1933. 

2. Kenneth, J, H. Gestation Periods. Edinburgh, 1943. 

3. Roosevelt, T., and E. Heller. Life Histories of African Chime Animals. New York, 
1914. 

4. Lonnberg, E. Kungl. Svenska Vetansk. Akad. Handlingar, 48(5), 1912. 

5. Verschuren, J. EPNG., 1958. 

6. Rode, P. Mammiferes Ongulcs de I’Afrique Noire. Paris, 1943. 


Connochaetes gnu Zimmermann 
GNU, WILDEBEEST 


The black wildebeest ruts in March (i) and the single calves are born 
from November to January (2) after a gestation of 8 to months. The 
female breeds before she is 3 years old (3). In the London zoo births have 
been spread from January to July (4). 

1. Millais, J. G. A Breath from the Veldt. London, 1899. 

2. Haagner, A. K. South African Mammals. London, 1920. 

3. Sclater, W. L. The Mammals of South Africa. London, 1900. 

4. Zuckerman, S. PZS., 122: 827-950, 1952-3. 
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Connochaetes taunnus Burchell 
BLUE WILDEBEEST 


This species has not more than 2 cycles per season when in captivity (i). 
In South West Africa the calves are born from October to January (2). 
Further north the main season of birth is from September to October, with 
early and late calves in August and November. The incidence of new grass 
makes a difference in the date (3). In the London zoo births of single calves 
have occurred from May to November after a gestation of 255 days (4). In 
the Augsburg zoo gestations have been 249, 251, and 255 days long (5). 

1. Heape, W. QJMS., 44: 1-70, 1901. 

2. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

3. Ansell, W. F. H. PZS., 134: 251-274, i960. 

4. Zuckerman, S. PZS., 122: 829-950, 1952-3. 

5. Steinbacher, G. Saugetierk. Mitt., 6: 173, 1958; 7: 75, 1959. 


ANTILOPINAE 

Oreotragiis oreotragus Zimmermann 
KLIPSPRINGER 


This antelope probably breeds in the warm and wet season (i) and calves 
from July to October (2) after a gestation of 214 days (3). 

1. Hamilton, J. S. Animal Life in Africa. London, 1912. 

2. FitzSimons, F. W. The Natural History of South Africa. London, 1919. 

3. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 
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Ourebia ourebi Zimmermann 
ORIBI 

The season of birth is from September to December, and mostly in the 
latter month (i). The gestation period is about 7 months (2). In the Belgian 
Congo a fetus near term was found in March (3) and another in April (4). 

1. FitzSimons, F. W. The Natural History of South Africa. London, 1919. 

2. Wilhelm, J. H. J. South West Africa Sci. Soc., 6: 51-74, 1933. 

3. Verschuren, J. EPNG., 1958. 

4. Frechkop, S. EPNU., 1944. 


Raphtceros campestris Thunberg 
STEINBOK 


This species calves in summer and autumn. The number of calves is 
usually I, but sometimes twins are born (i). The gestation period is 7 
months (2). Breeding may take place at any time of the year, but a peak 
of lambing seems to occur in the early part of the dry season (3). 

1. FitzSimons, F. W. The Natural History of South Africa. London, 1919. 

2. Wilhelm, J. H. J. South West Africa Sci. Soc., 6: 51-74, 1933. 

3. Dasmann, R. F., and A. S. Mossman. JM., 43: 533-537, 1962. 

Raphtceros sharpei Thomas. The calves are usually born at the beginning 
of the rainy season (i). In the Zambesi district they arc dropped at the 
beginning of January (2). 

1. Kirby, F. V. In R. Lydekker, The Great and Small Game of Africa. London, 1899. 

2. Lawrence, B., and A. Loveridge. HCMZ., no: 1-80, 1953. 


Nesotragtis 

SUNI 


Nesotragus livingstonianus Kirk. This species calves from mid-November 
to mid-December (i). 
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N. moschatiis von Duben. A female with a single fetus has been reported 
at the beginning of February (2). 

1. FitzSimons, F. W. The Natural History of South Africa. London, 1919. 

2. Ldnnberg, E. Kungl. Svenska Vetansk. Akad. Handlingar, 48(7), 1912. 


Rhynchotragus \ir\i Giinther 
DIK-DIK 


In Tanganyika this dik-dik has two breeding seasons each year, at about 
6'month intervals. The peaks are from June to July and from November 
to December, but some females may be found in heat in other months; thus 
the species may be regarded as polyestrous all the year. The females reach 
puberty at about 6 months. Males with testes below 2.4 g. weight are sexually 
inactive; those with testes above this weight are usually active, a condition 
attained at about 4 kg. body weight. For active males the peaks of testis 
weight are May and November, with minima in January to February and in 
July and August (i). 

Usually only one follicle ruptures at a heat period. The largest follices 
measure 4.6 mm., and follicles of this size may be found at all stages of 
pregnancy. The corpus luteum frequently occupies most of the ovary and 
it often protrudes from the surface. Its diameter is from 5 to 5.5 mm., but a 
few may be found as large as 7 mm. Implantation is almost invariably in 
the right horn of the uterus and, of log pregnancies, the fetus was in the 
left only on 3 occasions. Almost half the fetuses represent ova that have 
migrated to the opposite horn. The septum of the uterus extends almost to 
the opening of the cervix. The gestation period lasts from 170 to 174 days (i). 

I. Kellas, L. M. PZS., 124: 751-784, 1954-5. 

Rhynchotragus guentheri Thomas. A female with a single fetus has been 
reported in F'ebruary (i). 

I. Lonnberg, E. Kungl. Svenska Vetansk. Akad. Handlingar, 49(7), 1912. 
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Antilope cervicapra L. 
BLACKBUCK 


This Indian antelope breeds at all seasons but the chief rutting period is 
in March. From i to 2 young are born at a time (i). In England they 
breed twice a year (2). In the London zoo births ol single calves have been 
evenly distributed throughout the year (3). One testis weighed 13.0 g., and 
the length of the seminiferous tubules was 704 meters. The spermatozoon 
length was 48.4 /x (4). The gestation period has been reported as about 6 
months (5), or 5 months (2). In a castrated male the preorbital glands retro¬ 
gressed to the degree of an immature male (6). 

1. Hrander, A. A. D. Wild Animals in Central India. London, 1923. 

2. Lodcr, E. G. PZS., 476, 1894. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

4. Knepp, T. H. Proc. Pennsylvania Acad. Sci., 13: 58-62, 1939. 

5. Hrown, C. E. JM., 17: 10-13, ^ 93 ^- 

6. Bennett, E. T. PZS., 34-36, 1836. 


Aepyceros melampus Lichtenstein 
IMPALA 


The impala ruts from April to mid-May and the calves are born from 
October to December. Twins are rare and the gestation period is about 6V2 
or 7 months long (i). In Southern Rhodesia the females bear their first 
young at 2 years old. Rut is early in the dry season, in June, and the young 
are born early in the wet season with the peak from December 15 to 
January i; thus the gestation period would be 180 to 210 days. No twins 
are born (2). In the Cologne zoo a gestation period of 171 days was ob¬ 
served (3). In northwest Rhodesia there is a sharply defined lambing season, 
as most young are born from late September into October. In Luangwa the 
peak is in November and births continue into December (4). Implantations 
are always in the right horn of the uterus but the ovaries produce the ova 
in equal numbers (5). 
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1. Hamilton, J. S. Animal Life in Africa. London, 1912. 

2. Dasmann, R. F., and A. S. Mossman. JM., 43: 375-395, 1962. 

3. Roberts, A. The Mammals of South Africa. Cape Town, 1951. 

4. Ansell, W. F. H. PZS., 134: 251-274, i960. 

5. Mossman, A. S., and H. W. Mossman. Science, 137: 869, 1962. 


Gazella thomsonii Gunther 
GAZELLE 

The female gazelle may breed during her first year and the males reach 
puberty at from 20 months to 2 years. There is no definite rutting season 
and the males may breed at any time. In Tanganyika calves may be dropped 
at any time, but on the Serengeti Plain there are two peak calving seasons, 
one immediately after the short rains, in January to early March, and another 
following the long rains, from mid-June to late July. On the Sanya Plains 
fawns were dropped in May, during the rains. The females may breed twice 
yearly, for pregnant does with fawns have been found. It is suggested that 
under adverse grazing conditions birth may be delayed (i). 

In Kenya most fawns are dropped at the beginning of the rains, in April 
and November, but births may occur at any time. As a rule a single fawn 
is dropped; twins are rare (2). In 85 pregnancies not one was with twins (i). 

1. Brooks, A. C. British Colonial Office, Colonial Res. Publ., No. 25, 1961. 

2. Percival, A. B. A Game Ranger on Safari. London, 1928. 

Gazella arabica Lichtenstein. A London zoo record gives the birth of a 
single fawn in April (i). 

G. bennetti Sykes. The Indian gazelle has no regular season and i to 2 
fawns are born at a time (2). In the London zoo single fawns have been 
born in July and November (i). 

G. ciivieri Ogilby. In the London zoo a single fawn has been born in 
April (i). 

G. dama Pallas. This species has a gestation lasting 5 months and has 2 
pregnancies a year (3). 

G. dorcas L. This gazelle has 2 to 3 diestrous cycles in the season (4). 
The number of fawns is i, rarely 2, born after a gestation of 3 months (3). 
In the London zoo the single fawn has been born in the months from March 
to October (i). 
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G. granti Brooke. This gazelle has no fixed breeding season. One fawn 
is usual (5). 

G. marica Thomas. In the London zoo single fawns have been born in 
April, May, and June (i). 

G. muscatensis Brooke. In the London zoo this species has produced a 
single fawn in March (i). 

G. rufijrons Gray. This gazelle has preorbital glands that are markedly 
swollen in summer (6). This observation was made in the London zoo. 

G. subgutturosa Guldenstaedt. The Persian gazelle has bred freely in the 
London zoo and the fawns have been born from April to July with a peak 
at the end of May and early June. A single birth has also been recorded at 
the end of September. Twins were recorded in one-third of the births (i). 

1. Ziickerman, S. PZS., 122: 827-950, 1952-3. 

2. Brander, A. A. D. Wild Animals in Central India. London, 1923. 

3. Rode, P. Mamrniferes Ongulcs de I’Afrique Noire. Paris, 1943. 

4. Hcape, W. QJMS., 44: 1-70, 1901. 

5. Roosevelt, T., and E. Heller. Life Plistories of African Game Animals. New York, 
1914. 

6. Pocock, R. I. PZS., 840-986, 1910. 


Antidorcas marsitpialis Zimmermann 
SPRINGBOK 


This species probably has an extended season but the calves are born from 
August to January, mostly in November (i, 2). A single calf is usual, with 
occasional twins. The gestation period is about 171 days (2). A young cas¬ 
trated male developed the slender horns characteristic of the adult female (2). 
In the London zoo birth of a single calf has been recorded in May (3). 

1. Shortridge, G. C. The Mammals of South West Africa. London, 1934. 

2. FitzSimons, F. W. The Natural History of South Africa. London, 1919. 

3. Zuckerman, S. PZS., 122; 829-950, 1952-3. 


Procapra 


Procapra gutturosa Pallas. The seren of China usually has 2 calves, born 
in June. The neck swells during the mating sea^son (r). 
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P. picticaudata Hodgson. This Mongolian species has its calves in May (i) 

I. Wallace, H. F. The Big Game of Central and Western China. London, 1913. 


CAPRINAE 

Pantholops hodgsoni Abel 
CHIRU 


This Tibetan antelope ruts in the winter and a single calf is born after a 
gestation of 6 months (i). 

I. Blanford, W. T. The Fauna of British India. Mammals. London, 1888-91. 


Saiga tatarica L. 
SAIGA 


The females reach puberty at 7 to 8 months old. The breeding season 
is from December 15 to 25 and the young arc born in mid-May, or 15 to 
30 days later further east (i). In the Volga region they mate from the end 
of November to December 20, but the season is later further to the east. In 
zoos gestation has lasted 145 days. Twins are usual; 70 per cent have twins 
and 30 per cent singles. Occasional triplets arc born. The newborn are 50.1 
per cent males (2). On the right bank of the Volga birth is from the end 
of April to mid-May, with a mass lambing early in May (3). 

1. Bannikov, A. G. Terre et Vie, 108: 77-85, 1961. 

2. Bannikov, A. G. Mammalia, 22: 208-225, I 95 ^- 

3. Fandeyev, A. A. ZZ., 39: 906-910, i960. 
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Naemorhedus goral Hardwickc 
GORAL 

The single kid is born in May or June after a gestation of 6 months (i). 

I. Blanford, W .T. The Fauna of British India. Mammals. London, 1888-91. 


Capricornis sumatrensis Bechstein 
SEROW 


This species has been variously stated to have its single kid in September 
or October and in May or June after an 8-month gestation (i). In the north¬ 
west of India May or June is the usual season, but September or October is 
usual in most of its range (2). 

1. Blanford, W. T. The Fauna of British India. Mammals. London, 1888-91. 

2. jerdon, T. C. Tlic Mammals of India. Roorkee, India, 1867. 


Oreamniis americanus Blainville 
ROCKY MOUNTAIN GOAT 


In Canada this goat ruts in November and the young, i, or occasionally 
2, are born late in April or May (i). In Montana the earliest kids are born 
at the end of May (2). The testes develop at age 2 years and the does 
probably breed at the same age (2). The gestation period is about 147 days 
( 3 ). 

1. Rand, A. L. Canada Nat. Mus., Bull. 100, 1945. 

2 . Lcntfcr, f. W. JWM., 19: 417-429, 1955. 

3. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 
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Rupicapra rupicapra L. 
CHAMOIS 


The breeding season of the chamois is said to be in September, and at this 
time the throat of the male swells (i). In the London zoo, however, the 
postcornual scent glands only begin to enlarge during the latter half of 
September. They reach their maximum size in November and the first half 
of December and are fully reduced by the end of the first week of January. 
They do not enlarge in the female (2). In the Alps the rutting season reaches 
its climax about November 20 and extends into December (3). In the London 
zoo kids have been born from May to August after a gestation lasting 150 to 
160 days (4). The first heat is at age 1V2 years (5). 

1. Boner, C. Chamois Hunting in the Mountains of Bavaria. London, 1853. 

2. Pocock, R. I. PZS., 840-986, 1910. 

3. Nicdercder, W. Oestereichs Waidwerk, 177-180, 1953. 

4. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

5. Couturier, A. L. Terre et Vie, 108: 54-73, 1961. 


Biidorcas bedjordi Thomas 
TAKIN 

This species ruts from the end of July to the beginning of August and the 
single kid is born at the end of March or early in April (i). 

I. Wallace, H. F. The Big Game of Central and Western China. London, 1913. 


Ovibos moschatus Zimmermann 
MUSK OX 

The females are in heat from July to September and calves are born from 
April to June (i) after a gestation of 8 months (2). They breed at age 3 
years (i). 
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1. Rand, A. L. Canada Nat. Mus., Bull. 100, 1940. 

2. Glover, R. Oryx, 2: 76-86, 1953. 


Hemitragus jemlahicus H. Smith 
TAHR 

This goat ruts in winter and the kids, usually i, are born in June or 
July (i) after a gestation of 6 months (2). It is |)robably monestrous (2). 
In the London zoo births have been distributed from May to September, with 
a peak in June. One birth in every 12 has been of twins (3). The testes 
weigh 24.4 g., and the seminiferous tubules measured 1,420 meters. The 
spermatozoon is 46,3 /a long (4). 

1. Hhmford, W. T. The Fauna of British India. Mammals. London, 1888-91. 

2. Lydckker, R. The Game Animals of India, Burma, Malaya and Tibet. London, 
1924. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

4. Knepp, T. H. Proc. Pennsylvania Acad. Sci., 13: 58-62, 1939. 

Hemitragus hylocrius Ogilby. This tahr has no definite season and usually 
produces 2 kids at a birth (i), 

1. Blanford, W. T. The Fauna of British India. Mammals. London, 1888-91. 


Capra hircus L. 
DOMESTIC GOAT 


The goat is a seasonally polyestrous animal with a breeding season begin¬ 
ning about September, reaching its greatest intensity in October, and then 
gradually tapering off so that few goats, if held over, will come in heat in 
the New Year. The length of the breeding season is a matter of considerable 
practical importance, as it is difficult to arrange breedings so that a herd will 
give a uniform yield of milk all the year round. The lengths of the cycle and 
of heat periods are a little longer than those of the sheep. Ovulation is spon¬ 
taneous. 
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THE ESTROUS CYCLE 

The length of the estrous cycle is somewhat variable, and it is generally 
given as about 21 days. A series of accurate determinations which were 
made upon the Angora goat gives a mean cycle length of 19.4 ±: .5 days, 
with a spread from 12 to 24 days. The same work reports a duration of heat 
of 39.2 ih 1.9 hours, with a spread from i to 4 days (i). For dairy goats a 
comparable series gave a mean cycle length of 17.S ± .36 days, with a 
standard deviation of 5.76 days (2). This data, however, is peculiar in that 
there are a number of cycles of extremely short duration, from 6 to 12 days. 
There was a very strong mode at 20 days, and 72 per cent of the observations 
fell between 15 and 24 days; hence the normal duration may be regarded 
as 20 days. The number of aberrant cycles was greater in the kids than 
among mature does. 

A study of the frequency of kiddings in the United States, month by 
month, has shown that the greatest number of conceptions occur in October 
and that fairly good breeding may be expected from August through Janu¬ 
ary; in all other months very few conceptions occur (2). A similar, more 
extensive, study of American records gave the most intense breeding from 
mid-September to mid-November and the lowest in May (3). English 
records give the same results, but after a cool summer the peak of reproduc¬ 
tion comes a month earlier, and after a hot summer, a month later, than 
usual (4). However, the shifts may be due to little and much sunlight rather 
than to the mean temperature, as it has been shown that the season may be 
modified by exposure of the goat to varied daylight periods. In India the 
Jumna Pari goat mates most frequently from July to October, but the 
Bar Bari goat, a dwarf type, will breed at any time of the year (5). Appar¬ 
ently the breeding season in that country is not so well defined as it is in 
temperate climates, since it is stated that 2 kiddings may occur in a year (6). 
The same remarks may apply to the Philippine Islands, as the mean interval 
between parturition and heat is 91.5 dt 8.0 days. Apparently goats in that 
country do not breed at so early an age as they do in temperate climates, since 
the mean age at first heat is given as 494 days (7). In the northern countries 
goats will breed as kids if they have been born early in the season. In Nigeria 
the native milk goat is ready for service 6 to 8 weeks after she has produced 
her kids (8). Wild goats in New Zealand breed all the year (9). 

The usual number of young born at a kidding is 2, but i to 3 are common, 
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and 4 and 5 are rare. Limited data, given in Table ij, indicate that some 
breed differences exist. The number of kids born to does below 18 months 
of age average 1.5, but to does above this age the average is 2.1 (10). 


Table ii. Average Number of Kids per Birth 


liRHKD 

NUMBER OF KIDS 

Toggenburg (15) 

1.8 

Saanen (15) 

1.9 

Anglo-Nubian (19) 

2.1 


The sex ratio in dairy goats is distinctly aberrant because of the large 
numbers of pseudohermaphrodites which are produced. One set of data 
gave 53.4 per cent males, but the incidence of pseudohermaphroditism was 
not recorded. In one Saanen herd in which the incidence was high the sex 
ratio was 49.3 per cent males, 39.6 per cent females, and ii.o per cent pseudo- 
hermaphrodites. A Toggenburg herd gave 46.4 per cent males, 47.6 per cent 
females, and 6.0 per cent pseudohermaphrodites. A collection of data from 
Saanen breeders who had many pseudohermaphrodites in their herds gave 
55.1 per cent males, 30.0 per cent females, and 14.9 per cent pseudohermaph¬ 
rodites (n). The pseudohermaphrodites, despite the fact that they possess 
testes, are therefore reversed genetic females according to sex ratio data (12). 
In a recent study of 1,051 kids born, the sex proportion was 57.1 per cent 
males, 36.2 per cent females, and 6.9 per cent intersexes. The litter size in 
this sample was 2.02, and the mode 2 (13). 

The pseudohermaphrodite has been often recorded in the literature. Testes 
arc present in all cases, though the tubular and external genitalia present a 
wide variety of forms in which many gradations appear (14). The condition 
appears to be inherited as a simple recessive (15), and it is connected in 
some way with hornlessness, which is inherited as a dominant, since horned 
hermaphrodites are extremely rare if they occur at all (12, 16). A detailed 
study of its anatomy has been made (17). 

True hermaphrodites arc found among goats, and, while rare, they occur 
with greater frequency than in any other species except, perhaps, the pig. 

The sex ratio in the Angora goat, in which pseudohermaphroditism seems 
to be absent, is 50.1 per cent males, but there is a very high incidence of 
ridglings (males with an undescended testis), about 5.5 per cent (18). These 
appear to be genetic males, as the sex ratio is normal if they are counted as 
such. In the majority of cases only one testis, almost always the right, has 
failed to descend. The condition is inherited (18). 
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The duration of gestation in the goat is similar to that in the sheep. A 
large series of goats of several breeds gave a mean of 150.807 ±: .004 days, 
with a standard deviation of 3,26 days. The modal distribution was 151 days, 
and 86 per cent fell between 147 and 155 days (19). Some breed differences 
exist and are recorded in Table 12. The month of conception has some in¬ 
fluence on the length of pregnancy; it averages 151.3 .1 days for August 


Takle 12. Breed Differences in the Duration of Gestation in Goats 


BREED 

DURATION OF GESTATION, DAYS 

Bar Bari (5) 

146 

East African Dwarf Goat (21) 

146.5 

Angora (i) 

148.08 ± .09 

Philippine goats (7) 

148.1 bt .07 

Jumna Pari (5) 

150 

Anglo-Nubian (19) 

150.0 ± .1 

Schwartzwald (20) 

150.8 ± .2 


conceptions, and 149.8 zt .1 days for February conceptions. The difference 
is small, and it might be due to seasonal differences in the length of the heat 
period, if these exist, since the length is measured from the day of service 
and not from ovulation. The change between these months is fairly orderly. 
The age of the dam has some influence on the duration. It is least, 150.1 ±: .1 
days, when the goat conceives in her first year, as a kid; in the second year 
it is 150.61 db .8 days; and it gradually rises to a maximum of 151.3^1 .1 
days at 6 years. Differences with litter size are not statistically significant (19). 


HISTOLOGY OF THE FEMALE TRACT 

OVARY. Polynuclear ova are not found until 3 days before the onset of 
estrus; then they are 4 per cent of all oocytes. The condition appears to be 
due to the fusion of oocytes, as the size increases with the number of nuclei. 
Polyovular follicles are first encountered 4 days before the onset of estrus and 
they represent from 5 to 12 per cent of all follicles. They usually degenerate. 
In anestrum and metestrum a few medium-sized follicles, 2 to 5 mm. in 
diameter, and many small ones may be found. At 5 or 6 days before estrus 
many granulosa and thecal mitoses are present. The theca interna is very 
thick and is glandular in appearance. At the time of rupture the follicles 
are 8 mm. in diameter and the ovum, 95 /a. There is a slight hemorrhage 
into the ruptured follicle. The luteal cells are derived from the granulosa; 
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they reach a size of 30 to 40 /a. The corpus luteum reaches its maximum size 
at 12 days after ovulation when it is ii mm. in diameter. In the nonpregnant 
doe retrogressive changes are in evidence at 14 to 15 days, but the changes are 
not as abrupt as they arc in the pig (22). 

VAGINA, At estrus the vaginal lining consists of stratified squamous 
epithelium. It is desquamating, and cornification is in evidence. At the 
second day after estrus it is thinner and it remains thin until 12 days, when 
it begins to thicken (23). During estrus a few leucocytes and many degener¬ 
ating cells may be found in the smear. Towards the end of heat leucocytes 
become more abundant and reach their maximum at the sixth day (24). 

UTERUS, At estrus the epithelium is tall-columnar (50-60 g) and non- 
ciliated. It is pseudostratified and the nuclei are fusiform or oval. The 
stroma is edematous and there is a superficial leucocytic invasion. From 6 
to 18 hours after ovulation the epithelium is lower (36 g); the nuclei are all 
oval. Edema has increased and there is increased vascularity also. The glands 
are more numerous but are inactive. In the first week the epithelium con¬ 
tinues to reduce slightly. Glands are more numerous and secretion is im¬ 
pending. There is marked edema and increased vascularity. At about 12 
days the epithelium is becoming columnar and the cells are vacuolated. The 
glands are large and dilated and they are secreting. The mucosa is edematous. 
In the third week the epithelial nuclei are basal. The stroma is less edematous 
and less glandular secretion is present. By 19 to 29 days the stroma is dense 

(23)- 

In the first week of the cycle cervical folds almost fill the lumen. This 
condition continues into the second week but in the third the folds diminish 
( 23 ). 


PHYSIOLOGY OF THE FEMALE TRACT 

Adrenalin causes the muscles of the cornua uteri to relax and the cervix 
to contract during pregnancy. I'hc cornua arc sensitive to oxytocin, but the 
cervix is not (25). 

The urine of the pregnant doe contains 500 to 1,000 M.U. of estrogen per 
liter from the seventy-fifth to the one-hundredth day (26). Estrone is present 
in the urine of pregnancy to the extent of 0.3 gg/h; estradiol-17, o.i gg/1.; 
and equol, 10 to 15 gg/ 1 . Pregnanediol, too, was detected in the urine (27). 
Urinary gonadotrophes have been detected both during the cycle and in 
pregnancy (28). Estrogens are present in the meconium of the newborn 
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kid, and the level is high, especially of estradiol-iya (29). Serum prolactin 
is low in the first 4 months of pregnancy; then it increases abruptly and 
reaches its highest level by 10 days before parturition. There is a sudden drop 
at parturition. During early lactation the level is above that of pregnancy 
and it reaches 0.45 I.U./ioo ml. of serum (30). Removal of the corpora lutea 
during mid and late pregnancy has invariably resulted in abortion (31). The 
daily amount of progesterone needed to continue the pregnancy is 15 mg.; 
10 mg. was not quite sufficient (32). Daily injections of 5 mg. of progesterone 
inhibits estrous cycles (33). 

The breeding season can be changed by modifying the amount of daylight 
to which the doe is exposed. By increasing the daily amount of light by i 
hour each 10 days after January 25, cycles are said to have ceased prematurely, 
though it must be remembered that reproductive intensity is normally at 
a low ebb at this time. By decreasing it by 1 hour a week from April to July, 
heat was induced in May and June in 3 of 6 does, though breeding was un¬ 
successful; but in July, after their return to normal light, 4 became pregnant 
in the first 10 days (34, 35). 

A single injection of 400 R.U. of pregnant mares’ scrum given during 
ancstrum causes the does to come in heat. Priming, which was found neces¬ 
sary in the sheep, is unnecessary. A dose of 200 R.U. is insufficient to produce 
this effect. Lactating does jirobably need more P.M.wS. to bring them in heat 
than do dry ones. Several pregnancies resulted from services during the in¬ 
duced heat (2). An injection of 600 to t,6oo I.U. of P.M.S. was found to be 
a satisfactory dose for bringing the does into estriis but the fertilitv rate was 
low (36). This has been the experience with many attempts to breed out 
of the regular season. The probable reason is that the accessorv sex organs 
are not in the proper condition owing to hormone imbalance. In ovariecto- 
mized goats the minimal amount of stiibcstrol needed to induce estrous 
symptoms is o.i to i.o mg. (37). 


THE MALE 

The testes and epididymides develop rapidly from the age of 30 to 40 
days until 140 to 150 days, when they are almost fully mature. The seminifer¬ 
ous tubules have reached mature diameter by go days and arc fully mature 
at 150 days. Spermatozoa have appeared at 88 to 95 days (38, 39). The 
mature testes weigh from 90 to 135 g. the pair (39). 

The average ejaculate of semen into an artificial vagina is lower for the goat 
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than it is for the ram. For dairy goats it was found to be 0.57 cc., with a range 
of o.TO to 1.25 cc. (40); and for Angoras it was 0.66 cc. (i). Another account 
gives 0.65 ml. with a sperm concentration of 2.7 billion per ml. The concentra¬ 
tion is highest in spring and the volume in summer (41). For Angora bucks 
the concentration has been reported as 3 to 4 million per cu. mm. (i, 42). 
For two bucks the average pH of the semen was 6.5 (43). The fructose con¬ 
tent is 465 mg./ioo ml., and the total reducing value, 548 mg./roo ml. (44). 
The spermatozoa do not reach the upper part of the oviduct until at least 5 
hours after mating (45). 

There is some evidence that the beard is inherited in a sex-limited manner; 
the gene appears to be dominant in the male and recessive in the female 
(46). The excretion of 17-kctosteroids is higher during the mating season than 
at other times (47). 
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Capra falconeri Wagner 
MARKHOR 


In the wild this species is probably monestrous. It mates in December (t), 
and the gestation period is about 153 days (2). In the London zoo the single 
kids have been born in May and June (3). 

1. Heape, W. QJMS., 44: 1-70, 1901. 

2. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 

3. Zuckerman, S. PZS., 122; 827-950, 1952-3. 
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Capra ibex L. 
IBEX 


In captivity the ibex experiences its first estrus at 1^/2 years old; in 
the wild at 2V2 years. It has i kid every other year. Mating is between De¬ 
cember I and January 15 and the births between May 25 and June 15 after 
a gestation of 165 to 170 days (t). The does are probably monestrous (2). 
The gestation period is between 150 and 180 days (3). In the London zoo 
births of single kids have been recorded in March, April, and May (4). The 
sperm head is 8 to 8.5 /a long, the midpiece 20 fi, and the tail 40 fi to 45 
long (5). 

1. Couturier, A. J. Terre et Vie, 108: 54-73, 1961. 

2. Heape, W. QJMS., 44: 1-70, 1901. 

3. Kenneth, J. H. Gestation Periods. Edinburgh, 1943. 

4. Zuckcrinan, S. PZS., 122: 827-950, 1952-3. 

5. Couturier, M. A. J. Mammalia. 20: 124-127, 1956. 

Capra caucasica Giildenstaedt. In the London zoo the tur has had kids at 
the end of May or in June, One is usual; a single set of twins in 13 births 
has been recorded (i). 

C. pyrenaica Schinz. This ibex gives birth to its kids in the latter half of 
April and early May after a gestation of 20 weeks, or perhaps more (2). 

C. sibirica Meyer. This ibex ruts from November to December (3), and the 
kids are born in May or June (2). According to another account rut is in 
October, and the young, 2 usually, are born in June and July (4). In the 
London zoo single kids have been born in May and June (i). 

1. Zuckerman, S. PZS., 122: 827-950, 195^-3. 

2. Lydekker, R. The Game Animals of India, Burma, Malaya and Tibet. London^ 
1924. 

3. Heape, W. QJMS., 44: 1-70, 1901, 

4. jerdon, T. C. The Mammals of India. Roorkee, India, 1867. 
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Pseudois nahoor Hodgson 
BHARAL 


In the wild (i) and in the London zoo (2) this goat is monestrous. Rut is 
usually in January and the kids are born in May (3) after a gestation of 
160 days (4). In the London zoo single kids have been born from May to 
August, with a peak in June (5). Another account gives 2 as the usual num¬ 
ber of kids, born in June or July (6). 

1. Przewalsky, N. M. Mongolia, the Tangut Country and the Solitudes of Northern 
Tibet. London, 1876. 

2. Hcape, W. QJMS., 44: 1-70, 1901. 

3. Wallace, H. F. The Big Game of Central and Western China. London, 1913. 

4. Blanford, W. T, The Fauna of British India. Mammals. London, 1888-91. 

5. Zuckerman, S. PZS., 122: 827-<:)50, 1952-3. 

6. Jcrdon, T. C. The Mammals of India. Roorkee, India, 1867. 


Ammotragiis lervia Pallas 
BARBARY SHEEP 

This species usually lambs at the beginning of spring. In the region of 
Tigueddi this is early in March (i). In southern Morocco the period of 
birth is in December and the gestation period lasts 154 to 161 days (2). 
In the London zoo births have been spread throughout the year, with 
a marked peak in April. Twins have been born at about every sixth time (3). 

1. Rode, P. Marnmiferes Ongules de I’Afriquc Noire. I’aris, 194^. 

2. Panouse, J. B, Trav. de Tlnst. Sci. Ccrifien, Scr. Zool., 5, 1957. 

3. Zuckerman, S. PZS., 122: 827-950, 1952-3. 


Ovis aries L. 
DOMESTIC SHEEP 


The domestic sheep is polyestrous, with cycles recurring at about 16.5-day 
intervals. Fine-wooled breeds tend to be polyestrous all the year round, a 
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result, perhaps, of the fact that they have been developed in warm conditions 
without extreme seasonal climatic changes. The coarse-wooled breeds are 
seasonally polyestrous, with their season beginning about September in the 
Northern Hemisphere and continuing, in the absence of pregnancy, well 
into winter. In the Southern Hemisphere the breeding season begins at the 
corresponding time of the year, i.e., about March. Sheep transferred from 
one hemisphere to the other rapidly adjust themselves to the changed seasons. 
Ovulation is spontaneous, occurring toward the end of heat. The corpus 
luteum is active for about 14 days, and proestrum is ill defined. Uterine 
changes during the cycle are not well marked, but the vaginal smear is a 
fair indication of the reproductive state. The pituitary of the sheep has a 
moderate F.S.H. content, and the L.H. level is fairly high. The period of 
gestation is about 150 days; the number of lambs varies from r to 3, depend¬ 
ing largely upon the breed. The ram produces spermatozoa all the year round, 
but there is a tendency toward quiescence during the summer months in 
the coarse-wooled breeds. The chief practical problem in sheep breeding is 
to lengthen the season and to produce ovulation and pregnancy during the 
ancstrum. 


THE ESTROUS CYCLE 

Merinos, Central European (i), Karakul (2), and Persian Blackhead (3) 
sheep tend to breed all the year round, but the presence or absence of an 
anestrous season during the summer depends largely upon climatic and feed 
conditions. Thus, in some regions of South Africa, Merinos have a definite 
breeding season from February to August (3). In the Tzurcana breed of 
Rumania there is a short anestrtim in July (4), and in the Romanov breed 
of Russia ovulation often occurs in summer without external signs of 
heat (5). This is not the rule, however; usually during anestrum the ovaries 
are quiescent. The Dorset Horn also has a prolonged breeding season. In 
India the Bikaner ewe will breed at any time of the year, but two seasons 
predominate in lambings, spring and autumn (6). In the United States 
Karakuls tend not to conceive from April to June, and most ewes lambing 
in the spring do not conceive again until the fall (7). 

The coarse-wool breeds generally begin to come in heat about September 
1, and, if not bred, they continue to have cycles until about January i, on 
the average, though many individuals continue even until May (8). There 
are breed differences in the incidence of the season: Rambouillets tend to 
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come in heat earliest, followed by Hampshires, Southdowns, Shropshires, 
and Romneys in that order (9, 8). Lambs usually begin to breed during their 
first season, at a mean age of 213 days and a range of 187 to 250 days, but 
late-born lambs wait until the next season for their first heat period (8). 
Egyptian fat-tailed sheep have a late puberty, as their average age at first 
estrus is 300.8 it 7.3 days and their body weight 30-35 kg. (10). The first 
heat period of lambs during the season is usually later than that of mature 
ewes (9). In Merino ewes with a season limited by climatic conditions 
the onset of the season is gradual, with several weak estrous periods without 
ovulation before the true breeding season sets in (ii). 

The duration of the cycles is remarkably constant, but the Merinos and 
Rambouillet cycles are about a day longer than those recorded for other 
breeds. A series of recorded means is given in Table 13. The mean length of 
succeeding cycles is variable and does not seem to follow any definite pattern. 
The whole question of age at puberty and the relation of breeding frequency 
and of cycle intervals to climatic conditions has been exhaustively re¬ 
viewed (12). 

No heat occurs in Merino sheep during lactation, but, if the lambs 
are weaned immediately after parturition, it usually follows in 60 to 150 days. 

The mean length of the heat period for Scottish sheep is 36 hours, with a 
mode of 28 hours and a range from 3 to 84 hours (13). For Merinos it is 
slightly longer (8), with a mode from 36 to 48 hours (70 per cent of cases) 
(22); in South Africa the mean is 30 hours and the mode, 30 to 32 hours (3), 
but in Australia 50 per cent of Merinos are said to be in heat for less than 19 
hours (18). Records for mixtures of breeds, mainly coarse-wool, give 30 to 
40 hours, but rarely less than 24 hours or more than 48 hours (9), with a 
mean of 29.3 hours and mode of 21 to 27 hours (8). It may be concluded 
that the mean heat period is from 30 to 36 hours, with but little difference 
between breeds. Service has no effect upon the length, and long heat periods 
are usually more intense than short ones (13). However, a slight shortening 
after sterile service has been reported (8). Ovulation without heat occurs 
frequently at the beginning and the end of the breeding season, and there 
is no correlation between the length of heat and the length of the cycle (8). 

Ovulation usually occurs from 18 to 24 hours from the beginning of heat, 
or from 12 to 24 hours before its end (13); at from 23 to 30 hours from its 
beginning (8); or, according to another report, in Merinos, at from 36 to 
40 hours from the beginning, with heat finishing 6 hours after rupture of 
the follicle (22). The time of ovulation is more closely related to the end 
of heat than to the beginning, i.e., ovulation tends to cause its termination. 
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It may occur as early as ii hours before its end, or as late as 6 hours after¬ 
wards, but, in general, it is before the end. In the case of twin ovulations, 
I i/2 to 7i4 hours may intervene between the two, with a mean of hours 
(8). However, Merino and native Masai sheep in East Africa are said to 
ovulate shortly after the end of heat (23). The exact time of ovulation in 
relation to the end of heat is difficult to obtain as it can only be determined by 
laparotomy, which, in itself, may interfere somewhat with the length of the 
period or with its determination. The right ovary functions more frequently 
than the left, since ovulations have been found in that ovary in 57 per cent 
of cases (8), or 52 per cent (24), or 58.58 zt 1.85 per cent (25). 


Table 13. Length of the Estrous Cycle in Sheep 


BREED 

eenc;th of 

CYCEE, DAYS 

RANGE, 

DAYS 

REMARKS 

Scoltish (13) 

16.4 it .8 

15-18.5 

Mode, 16.5 

Navaho (14) 

16.44 it .10 



Hampshire (15) 

16.5 


Flushed 

Zackel (16) 

16.5 

II--19 

M(k 1 c, 16 

Shropshire and 

16.7 


Mode, 17; 68 per cent from 

Hampshire (8) 



i 5 - 5 -i 7'5 

Romney (17) 

16.7 


Motie, 17: 89 per cent from 




14-19 

Rahmany (10) 

16.75 ± .12 


Lambs 

Wclsii 

16.8 



Mountain (12) 




lk)rdcr 

16.8 



Leicester (12) 




Merino (3) 

16.8 

12.5-18.5 

Mode, 16.5 

Romney (12) 

16.9 



Tzigai (18) 

^7 

16-21 


Dorset (19) 

17 



Merino (iq) 

17 



Romney (20) 

17.0 

14-39 

91 per cent from 15-18 

Dorset (12) 

17.1 



Romney (21) 

17.17 It .17 


93 per cent from 14-19 

Hampshire (15) 

17.2 


Unflushed 

Rahmany (10) 

17-3 


Adults 

Suffolk (12) 

17-4 



Merino (22) 

00 

q 

t! 

6-27 

Mode, 17; S.D., 18; 85 per 




cent from 16-19 

Ramhouillei (15) 

17-5 

13-21 


Tzurcana (4) 

175 

1 

0 
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The onset of heat is usually abrupt, but the cessation is gradual. Heat docs 
not begin more frequently during the day or night (8), though some have 
(19, 26) found a slight tendency for it to begin more often during the hours of 
daylight. There are breed differences in the intensity of heat; Dorsets are 
easier to detect than Merinos as there is more swelling and reddening of the 
vulva in the former. Moreover, the Dorset has a characteristic stance whereas 
the Merino tends to be more restless. Ewes attract the rams before they will 
accept coitus. Apparently the latter are attracted to the ewes by the olfactory 
sense as vaginal and perineal swabs from ewes in heat, when applied to 
pregnant ewes, make them attractive to the rams (19). 

The time of mating or of artificial insemination within the heat period is 
not as important as it is in most other species. In one experiment with Kazac 
ewes service at 8 hours from the onset of heat resulted in 70 per cent con¬ 
ceptions, from 16 to 32 hours it varied from 82.5 to 86 per cent, from 40 to 
48 hours it was 77 per cent, and at 56 hours it was 67 per cent. The onset 
of heat was detected by vaginal smears, a method which places this time 
rather earlier than does a test by the ram (28). Another experiment gave 
similar results (29). The optimum time of artificial insemination is said to 
be 18 to 26 hours after the onset of heat (30). 

The rate of travel of ova through the oviduct is similar to that in other 
species. They are all in the middle third of the oviduct by 5 hours after heat 
has ceased. At 60 hours most are still in the middle third, but a few have 
reached the last third or even the uterus. By 72 hours most are in the 
uterus (19). 

In those breeds which experience heat all the year round it is theoretically 
possible for the ewe to have two lambings a year. This is recorded, for in¬ 
stance, for the Wryosowka breed (31)- The number of Iambs produced at 
a lambing is very variable; i to 3 is the rule, hut quadruplets are not in¬ 
frequent in some breeds. Fecundity is a breed characteristic, and there are 
very wide differences between breeds. The hill breeds are the less fecund, 
while the lowland breeds, especially those which arc kept for their milk, are 
the most fecund. It is generally agreed that fecundity is relatively low at first, 
rising to a peak at about the sixth year. The usual practice is to breed ewes at 
their second season, but most will breed as Iambs in their first year, though it 
seems to affect their subsequent fecundity adversely. Table 14 illustrates 
this fact for Hampshire ewes and also shows the rise in fecundity with the 
age of the ewe (32). The percentage of multiple births tends to be highest in 
ewes bred early in the season. It may be stated as a general principle that case 
of reproduction, fecundity, and the length of life during which reproduction 
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Table 14. Fecundity of Hampshire Ewes 



BRED AND CONCEIVED 

AS LAMBS 

BRED AND CONCEIVED 

AS I !/2-YEAR-OLDS 

First season 

Lamb crop, per cent 

106 

Lamb crop, per cent 

Second season 

157 

195 

Third season 

176 

202 

Fourth season 

177 

175 

Fifth season 

200 

208 


is possible are related, and the sheep is no exception to this rule. An animal’s 
early performance is a good index of its lifetime capacity, provided that its 
readiness to breed is not abused. The variation of fecundity with the breed 
implies that it is an hereditary factor; not only is this so between breeds, 
but it holds true within a breed. For Romanov sheep this is well illustrated 
by Table 15 (33), which gives the numbers of lambs born to ewes which were, 

Table 15. Effect of tlie Number Born on the Subsequent Fecundity of Romanov Sheep 


EWES BORN AS 

AVERAGE LAMBS 
PRODUCED liY THEM 

Singles 

2.17 

Twins 

2.36 

Triplets 

2.63 

Quadruplets 

301 


themselves, singlets, twins, etc. In the Dorset breed there is a tendency for 
more multiple births in the spring than in the fall (34), which suggests that 
reproduction is more intense at the normal breeding season for the species 
than it is at other times. 

Data on the sex proportion show great constancy. In genera!, analysis of 
farmers’ records gives a proportion of 49 to 50 per cent males, but records 
from experiment station flocks have often given a slight preponderance of 
males. The fetal sex proportion is a little higher, averaging 50.9 zt 1.60 per 
cent males, with no significant dilTerence with the age of the fetus (25). The 
proportion for stillbirths is 53.8 ±: 2.9 per cent males (35). These figures sug¬ 
gest that the sex proportion at or near conception is not so markedly different 
from the secondary proportion as it is in the pig and in man. The proportion 
does not alter when singles, twins, and triplets are considered separately, but 
there is an excess of twins of opposite sex, which indicates that there is little or 
no monozygotic twinning in sheep (35, 36). 
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Mean gestation periods have varied from 144.i days for the Dorset Horn 
to 151.8 days for the Karakul. In general, the early-maturing meat breeds 
have the shorter gestations. An analysis of periods from Rambouillet ewes 
gave a range from 143 to 159 days, with a standard deviation of 2.25 days, 
which agrees closely with that for other breeds (37). In this series there was 
a tendency for ewes bred early to have slightly longer periods than those 
bred late, and the period lengthened with age. Eight-year-old ewes had an 
average gestation period nearly 2 days longer than 2- and 3-ycar-olds. A 
gestation resulting in a single birth was about 0.6 of a day longer than that 
resulting in a twin birth. The sex of the lambs born had no effect on the 
duration (38). In Egyptian fat-tailed sheep a post-partum estriis follows 
lambing at an average interval of 40 to 41 days (39). 


HISTOLOGY OF THE FEMALE TRACT 

OVARY. While considerable work has been done upon the development 
of the follicles and corpora lutea during the breeding season, information 
on the development of the ovaries in lambs appears to be lacking. During 
anestrum the ovaries are quiescent. Toward the end of this period waves 
of follicles grow, but they become atretic before they mature, and no new 
corpora lutea are formed, while those from the previous season have dis¬ 
appeared. In proestrum it is easy to distinguish the follicles which are 
destined to rupture later unless large atretic follicles are present. Growth 
is rapid during heat, all the layers of the follicle become thin, vascularity 
increases, and the cumulus becomes dome-shaped and large. At the time of 
ovulation the follicle is about i cm. in diameter (9). A few hours before 
ovulation the follicle swells beyond the surface of the ovary, becoming 
conical. One hour before rupture a small round area becomes clear and 
transparent; a few minutes before rupture a cone, occasionally more than 
one, appears. This breaks, follicular fluid flows out, and the follicle gradually 
collapses. The fluid rarely spurts; at first it is thin, but it becomes viscous 
within 2 to 3 minutes (8). The follicle opens with ragged borders; a small 
blood clot closes the opening, though not unless a blood vessel is involved 
in the rupture area (8); but there is no hemorrhage into the cavity. The 
follicle walls grow in, and the cavity is completely filled by 30 hours after 
ovulation. The corpus luteum reaches its maximum size at about 6 to 8 
days, and it is then about 9 mm. in diameter. It has lost its rupture point. At 
first it is reddish pink, becoming paler up to the next proestrum, when a 
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yellowish tinge appears as fatty degeneration sets in (22). After this, degenera¬ 
tion is rapid, so that by the time it is 24 days old only vestiges remain. The 
corpus luteum of pregnancy remains until parturition (9), though atrophy 
begins about 2 to 3 weeks before (13). 

The corpus luteum is developed from both granulosa and theca interna 
cells, but the lutein cells almost all have a granulosa origin as the theca lutein 
cells quickly degenerate. The lutein cells measure 25 to 30 /a at first, and they 
gradually increase in size until retrogression sets in at the fourteenth day (40). 
The size of the ovum is 147 /x, and the zona pellucida measures 15 ax (41). 
1 he ovarian tunic is a tough structure. No new ova arc produced during 
sexual life from the germinal epithelium, but the neogenic layer below the 
tunica albuginea does produce them. The first polar body is usually extruded 
from the ovum just prior to or, in many cases, just after ovulation (9). 

At the times of proestrum, cstrus, and metestrum many polyovular fol¬ 
licles (r per cent) and multinuclear ockytes (12.5) may be found. These are 
all in small follicles. There are many atretic follicles in diestrum but few in 
proestrum (42). 

VAGINA. The vagina does not undergo striking changes during the 
cycle. Except in anestrum there is continuous growth of the epithelium, 
slightly accelerated during heat; late in the heat period and in metestrum 
considerable desquamation occurs, often as many as 4 to 5 layers of cells 
being cast oiT. Partial kcratinization is characteristic of the heat period, but 
it may occur at any time; it is always regional and never general. Lym¬ 
phocytes and leucocytes may be found in the epithelium at any time, but 
the latter are most frequent early in diestrum (13). These cells are present 
in greatest numbers at about the seventh to eighth day after ovulation (cS, 9). 
The vaginal stroma is most edematous in late proestrum and early in heat. 
During the first 10 days of diestrum most mitoses are found in the epithe¬ 
lium, and at this time the cells are most reactive to basic stains. Their greatest 
affinity for acid stains is shown at proestrum and on the first day of heat (43). 

Some workers have found the smear to be more clear-cut than the changes 
in the vaginal epithelium would lead one to expect. During late proestrum 
and early heat the smear contains epithelial cells, leucocytes, and scant, thick 
mucus; the latter does not appear in diestrum. This stage lasts about 12 
hours. Then the mucus becomes voluminous and transparent, with small 
epithelial cells, very often a few squamous cells, and usually leucocytes. 
This stage begins at about the fourth hour of heat and lasts for about 24 
hours. On the second day of heat the leucocytes are reduced in numbers. 
This stage lasts through the first day of metestrum. On the second day 
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desquamation increases, and the smear becomes voluminous, dry, and cheesy. 
It consists mostly of large squamous cells, with occasionally a few leucocytes, 
and it lasts for about 4 to 8 days. In late diestrum the number of small 
epithelial cells and leucocytes increases; the smear is still voluminous but 
is moist (9). Some workers, however, have found the smears much less 
distinct. The changes are said not be be characteristic of the stage of the cycle 
in the Karakul (44) and the Tzurcana (4) breeds, though in the latter 
cornified cells are absent during anestrum. 

The ewe does not secrete the large quantities of mucin which are char¬ 
acteristic of the cow, probably because of the higher level of estrogen, but 
some is secreted from the glands of the cervix, not from the vaginal epi¬ 
thelium. Mucin builds up in the cells during diestrum and is greatest in 
amount late in this period. It is secreted in proestrum and early heat, be¬ 
coming more fluid during heat (8). The glands are less complex in anestrum 
than at other times (9). 

UTERUS, The chief characteristic of the uterine epithelium is the presence 
of black pigment in many ewes. This is present at all times and is melano- 
blastic in origin and not derived from blood pigment. The cell changes 
during the cycle are slight. There is considerable edema and increased 
vascularity in both the cotyledonary and intercotyledonary areas during 
heat and metestrum; the glands become more coiled, and their cells increase 
in height with the growth of the corpus luteum. The epithelium is folded 
most at the mid-luteal stage. Leucocytes are found at all stages, but mostly 
when the corpus luteum begins to retrogress (8). In anestrum the glands 
become scanty and small, with low-columnar cells (9). Alkaline phospha¬ 
tase appears in the epithelium during the lutein phase (45). 

In the cotyledonary areas the stroma is more densely cellular and more 
vascular than it is elsewhere. The cells are low-columnar just after heat, 
but they rapidly grow from i r to 17 /x to 39 to 5^ /<• in about 5 to 6 days. At 
their maximum height they tend to be pseudostratified. They retrogress 
rapidly after this stage, which is of short duration (43). In the lutein phase 
the cotyledonary area is edematous, and fluid also infiltrates the glandular 
regions (46). Carbonic anhydrase is present in the mucosa of the nonpregnant 
uterus. The quantity does not change with the cycle nor after ovariec¬ 
tomy (47). 

OVIDUCT. Changes in the oviduct are more definite than in any other 
part of the tract. The columnar ciliated epithelium of the branched folds 
in the mid-tubal area is highest in early diestrum, and the cilia are longest, 
while connective tissue is relatively abundant. Cytoplasmic extrusions arc 
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most apparent toward the end of diestrum. Changes at the fimbriated end 
precede those at mid-tube by a short time (43). During heat the ovaries are 
closely invested by the infundibulum (22). According to another account both 
the ciliated and the secretory cells are highest in estrus and metestrum. They 
are lowest in diestrum and anestrum. Probably the “early diestrum” of the 
earlier account and the “metestrum” of the later one coincide. Secretion 
is abundant during estrus and metestrum; this is an acid mucopolysaccharide. 
In the cytoplasm of the cells an alkaline phosphatase is present during 
procstrum and estrus (48). 

The tubo-uterine junction contains no villi or sphincter, but the muscle 
is thickened at this point. Fluid passes easily from the uterus into the ovi¬ 
duct (52), but at estrus and for about 3 days afterwards this junction exerts 
a valvelike action that prevents fluid in the tube from entering the uterus. 
This action seems to be the result of an estrogen-induced edema and flexure 
of the wall of the utero-tubal junction (50). 

PITUITARY, Changes in the histology of the anterior pituitary in rela¬ 
tion to the cycle have been investigated. It was found to be diflicult to employ 
the usual acidophil-basophil classification as the differences are not clear-cut. 
Several cell types have been described, and they seem to vary somewhat in 
relative numbers during the cycle, but the clearest changes arc found in the 
degree of granulation. This increases gradually late is diestrum, is at a 
maximum at the beginning of heat, and rapidly decreases during heat (51). 

An increase in the number of dark-staining, usually fuchsinophil, cells 
during heat has been described as taking place in the adrenal cortex (52). 


THE PHYSIOLOGY OF THE FEMALE TRACT 

The mean vaginal pH on the first day of heat is 6.65, with a range from 
5.85 to 7.40. During mid-diestrum it is 6.6c), with a range from 6.00 to 7.60. 
This is considerably more acid than the vagina of the cow, and the shift in 
the acid direction at the time of heat is much smaller (53). Perhaps it is 
correlated with the smaller amount of mucus secreted by the ewe. 

The pH of the uterine secretions in a ewe in heat averages 7.50, and in 
diestrum it is 7.21 (54). The shift is in the reverse direction to that in the 
vagina. The motility of the uterine muscle has been investigated by the 
introduction of a balloon through a fistula. Spontaneous contractions of 
longitudinal muscle begin 1 to 2 days before heat. They reach their maximum 
amplitude during heat and cease after ovulation, to be replaced by segmenta’ 
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contractions of the circular muscle. By the fourth or fifth day of diestrum the 
uterus is quiescent. Contractions during heat occur at about 40 to 60 second 
intervals, and they become more widely spaced in early diestrum. The cervix 
uteri is open during heat and for a short time afterwards (55). 

When Karakul sheep were subjected to reduced amounts of daylight in 
April, May, and June they bred earlier than usual. The percentage breeding 
rose from the control value of 44.7 per cent to 85.7 per cent (56). Increasing 
the light during the breeding season caused the sexual season to cease about 
15 weeks earlier than usual (57). This question of light gradients is an im¬ 
portant one since it is the basis for most seasonal breeding. The problem as it 
affects reproduction in sheep has been thoroughly reviewed (58). 

Hysterectomy causes the corpus luteum to persist for at least 100 days 
(59). Distention of the uterus in the early lutein phase causes the cycle to be 
shortened, and the interval between heats is reduced to 11 or 12 days. This 
reaction depends upon the integrity of the nerve paths from the uterus (60). 

The developing graafian follicle produces estrogenic activity equivalent to 
an injection of 20 /xg of estradiol benzoate (61). There is no estrogen in the 
urine during nnestrum. In the breeding season there may be up to 2.4 /xg 
estrone equivalent per 24 hours, but the level is as high at mid-cycle as it is 
during estrus. Estrogens may be first detected in the urine of the pregnant 
ewe at 15 weeks; in late pregnancy, the Romney excretes 4.5 /xg of estrone, 
^•4 estradiol, and 2.0 /xg of estriol (62). With the corpus luteum of the 

cycle blood from the ovarian vein contains 0.5 /xg/ml. of progesterone. During 
pregnancy the level may rise to 2.0 /xg/ml. (63). Pregnanediol may be detected 
in pregnancy urine but it is absent from the urine of anestrous ewes ((q). 
The placenta contains from 4 to 9 /xg of progesterone per kg. of tissue and 
also 9 to 12 /xg of 20«-hydroxypregn-4-cn-3-one per kg. The amounts are high¬ 
est in the placentas of ovariectomized ewes. These substances are also present 
in the blood, but not to a greater amount than in the nonpregnant ewe (65). 

The level of F.S.H. in the anterior pituitary is high in proestrum; it falls 
throughout estrus and then gradually recovers until the procstrous level is 
again reached at 15 days. The level of luteotrophic hormone does not vary 
(66). L.H. is lowest at 36 hours after estrus begins, but by 10 days it is 3 times 
as high. The level is high during anestrum (67). 

The pituitary of the sheep is about five times as rich in F.S.H. as is that 
of the cow, but even so the ewe stands low in the list of animals which have 
been tested (68). In L.H. content the pituitary is about ten times as potent 
as that of the cow (69). 

In the ovariectomized ewe the median effective dose of estradiol benzoate 
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required to induce psychic and vaginal estrous symptoms is 64 /xg. If the treat¬ 
ment is preceded by progesterone injections the median ef?ective dose is re¬ 
duced to 22 to 25 /xg (70, 71). During the cycle injection of 10 to 15 mg. of 
progesterone daily inhibited estrus (72). 

Ovariectomy of pregnant ewes after the fifty-fifth day of gestation is not 
necessarily followed by resorption of the embryos or by abortion. The chances 
that the pregnancy will go on to term appear to increase the later the opera¬ 
tion is performed (73). Fertilized ova were transferred to ewes that were 
ovariectomized at the time of transfer. Pregnancy was maintained at a dose 
level of 10 to 20 mg. of progesterone daily. It was found to be unnecessary 
to continue the injections beyond the sixtieth day. The length of gestation and 
the course of parturition were normal (74). 

As the problem of extending the breeding season of the ewe is an important 
one in agricultural practice, a great many attempts have been made to 
achieve this object with gonad-stimulating hormones, but with varying 
degrees of success. It is very difficult to assess the value of most of this work 
as different breeds have been used, some with extended breeding seasons; 
and it has been done at different times of the year, often without any in¬ 
dication of the length of the normal breeding season in that particular year. 
Also, a great variety of extracts has been used, containing mixtures of hor¬ 
mones. The impression gained from the work as a whole is that it is more 
difficult to cause a ewe to ovulate early in anestrum than it is later, when 
the ovaries arc undergoing some cyclical changes, not yet sufficient to bring 
about ovulation. If some attention were paid to the size of the follicles 
present when injections are made, a clue might be obtained as to the cause 
of the erratic results found. 

The pituitary of the ewe appears to have the same potency in terms of rat 
units and rabbit ovulating units at all times. It is therefore reasonable to 
conclude that the cyclical changes in the ovary are determined by the release 
of hormones from the pituitary and not by the latter’s hormone content. 
During anestrum 50 R.U. of pregnant mares’ serum is the borderline dose 
for the induction of heat, but 100 R.U. produce much more consistent results. 
Two doses of this amount at an interval of 16 days are needed, and estrus 
occurs after the second injection (9). Usually 250 R.U. injected twice at an 
interval of 16 days is recommended; it is ineffective if the interval is 14 days 
(75). In this work no evidence of superovulation was found when the dose 
given was as high as 4,500 R.U. Such evidence has, however, been obtained 
by the use of an unspecified amount of F.S.H. in a pituitary extract digested 
with trypsin to destroy the L.H. The number of eggs recovered was much 
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less than the number of corpora lutea found, and it was believed that most 
of them were entrapped in the developing corpora lutea (y 6 ). A clue to the 
erratic nature of the responses, particularly to the difficulty in obtaining 
conceptions, may be found in some work which shows that horse pituitary 
extract (very rich in F.S.H.) and P.M.S. evoke sexual receptivity only in 
animals having a regressing corpus luteum. In the absence of a corpus luteum 
ovulation occurs without heat; the presence of an active corpus luteum 
usually suppresses both ovulation and heat (77). In this work it was also 
found that the injection of 0.5 to i.o mg. of estradiol benzoate or of stilbestrol 
dipropionate induced ovulation, probably by stimulation of the animal s own 
pituitary. Superovulation was obtained with horse pituitary extract when 
it was given in mid-diestrum. However, the dosage may be as important 
as the condition of the ovary since the injection of 100 R.U. of P.M.S. into 
ancstrous ewes induced ovulation without heat, while the injection of 1,000 
R.U. induced heat (78, 79). 

There is considerable evidence that the use of gonad-stimulating hormones 
about 2 days before the onset of a normal heat increases the number of 
multiple births, for instance, in Karakuls (80), and it may also increase 
the number of conceptions toward the beginning of the season (81). 

Tables showing the prenatal growth of the embryo and fetus have been 
published (82, 83). 


THE MALE 

One characteristic of the reproductive tract of the ram is the presence of 
the filiform appendage, a process on the left side of the tip of the penis. This 
is perforated, and the tube is continuous with the urethra. Formerly it was 
believed that the appendage was instrumental in depositing the semen within 
the cervix uteri, but this is probably not so since its removal has no effect 
upon the ram’s fertility (84). 

Primary spermatocytes make their first appearance in the testis at about 
63 days of age; at 126 days secondary spermatocytes appear, and at 147 days 
spermatozoa are present (85). Another account placed the appearance of pri¬ 
mary spermatocytes at 4 weeks, of secondary spermatocytes at 10 weeks, and 
of spermatids and spermatozoa at 22 weeks (86). Testicular development is 
more closely associated with body weight than with age. In Merinos most 
growth took place between 23 and 27 kg. body weight. No spermatozoa could 
be found in the lumen of the testes of rams lighter than 27 kg. (87). The 
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attainment of puberty is associated with the breakdown of the adhesion 
between the penis and the prepuce (88). In some breeds, e.g., the Shropshires, 
there is little seasonal variation in mating desire, but in others there is a strong 
seasonal tendency. In Hampshires it is highest from October to April. In 
Shropshires spermatogenesis is low in summer, but it is maintained in Hamp¬ 
shires (89). There is evidence that in summer spermatogenesis suffers in 
those breeds in which the scrotum is covered with wool, thus decreasing the 
heat loss. Usually the scrotal temperature is 5° C. below the rectal tempera¬ 
ture. Insulation of the scrotum for as few as 4 days increases the percentage 
of abnormal spermatozoa (90). In Australia it has been found that exposure 
of rams to 4 weeks of sustained daily maximal temperatures of 90° F., and 
over, causes marked abnormalities of the spermatozoa, and spermatogenesis 
may cease completely (91). Much of the temperature control of the testis is 
produced by the dartos muscle of the scrotum, which relaxes in warm 
weather. Isolated strips of this muscle have little or no spontaneous rhythm, 
hut temperature variations provide the stimulus. It relaxes with an increase 
of the temperature and shows rhythmic activity at low temperatures. It is 
also responsive to sympathetic and parasympathetic drugs (90). 

Spermatogenesis takes 49 days to be performed (92). The length of the 
seminiferous tubules in a testis has been variously reported as 4,000 meters 
(93) and 10,737 meters (94). The sperm content of the testis varied between 
21 X 10^ and 413 X 10^ (95)- The cauda has been reported as containing 
from 40 to 60 X io‘* spermatozoa (96). The epididymis is about 40 to 60 
meters long when its coils are unraveled (97). It contains (average of 2 
rams) 162 X 10^ spermatozoa, of which 76 per cent are in the cauda. It took 
a mean number of 30.2 ejaculations to exhaust the rams, and by that time 
84 per cent of the spermatozoa had been ejaculated from the cauda (98). 
Normally it takes an average of 8.8 days for the spermatozoa to travel 
through the epididymis (90). 

During coitus the semen is deposited in the cranial end of the vagina. 
There has been a lively controversy concerning the rate at which the 
s[)crmatozoa traverse the female tract and reach the upper end of the ovi¬ 
duct. Reports have varied from 6 minutes (99) to 14 hours (100). One report 
gives 3 hours as the average time and indicates that, once they are within 
the oviduct, they are transported by the flow of the tubal secretions towards 
the fimbriated end. Almost all the spermatozoa become immotilc within 8 
hours of their introduction into the oviduct (101). The duration of sperm 
fertility in the ewe’s tract has been given as 2 days (102). Another account 
gives 30 hours as the upper limit of their fertility but they may remain motile 
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in the cervix for up to 80 hours, but only for 20 hours in the vagina (103). 
The ovum survives for 15 hours, range 12 to 23 hours (103). The speed of 
ascent of the spermatozoa varies little whether the ewe is in heat or not (104), 
but it has also been stated that the oviduct becomes pervious to spermatozoa 
only about 15 to 17 hours before ovulation (105). The rate of travel of 
spermatozoa is said to average 1.26 mm. per minute in the female tract (19) 
or 4.6 mm. per minute in vitro (106). 

Semen may be collected in an artificial vagina, or the ram may be caused 
to ejaculate with an electric shock through the lumbar portion of the spinal 
cord. The average volume, etc., of the ejaculate collected by the two methods 
are given in Table 16 (107). The buffering capacity of the semen is fairly 


Table 16. Rams’ Semen Collected by Different Methods 


SRMRN COLl.F.CTED BY 



artificial 

electrical 


vagina* 

ejaculation 

Mean volume, cc. 

1.18 ±1 .14 

1,46 ± ,06 

Spermatozoa, thousands per cu. mm. 

R 537 ~ 41 

937 35 

Spermatozoa per ejaculate, millions 

1,875 no 

1.354 — 102 

Mean pH 

6.3 

6.8 


• These figures are fairly typical for rams’ semen, though the sperm count is a litth low. 


high, and it is comparable to that of the bull (108). Limited analyses of cer¬ 
tain secretions of the male tract have been made and are reported in Table 17 


Table 17. Composition of Rams’ Semen 



K 

Na 

Ca 


mg. per cent 

mg. per cent 

mg. per cent 

Epidiclymal secretion 

165.9 

87.5 

18.3 

Sperm serum 

87-3 

143-6 

18.1 


(109). The figures are considerably lower than corresponding ones for the 
bull. 

The total reducing substance in the semen is 623 mg./ioo ml., and 529 
mg. of this is fructose (no). Inositol is present in the semen plasma to the 
extent of 41 mg./ioo ml., range 37 to 45 (tii). Plasmalogen, the bulk of 
which is in the spermatozoon, is 1.2 g. per 100 g. of sperm weight (112). 

The inheritance and growth of horns is complicated and is, to a certain 
extent, apparently under the influence of sex hormones. In some breeds, for 
example, the Dorset Horn, both sexes are horned, though the ewe has smaller 
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horns than the ram. In Merinos and Rambouillets the ram is usually horned 
and the ewe not, though she has prominences often capped by scurs at the 
usual points of growth. In the Suffolks, Southdowns, and other breeds both 
ram and ewe are hornless, and the usual growth points are represented by 
depressions in the skull. Crosses between horned and hornless breeds and 
studies of inheritance in the Rambouillet breed have shown that horns 
develop in the ram if he is either homozygous or heterozygous for horns, 
but in the ewe only if she is homozygous, though in the latter the picture 
is frequently obscured by the growth of loose scurs (113). Another interpreta¬ 
tion is that inhibiting factors with a sex-limited expression may account for 
the results obtained on crossing (114). 

In breeds which are horned in both sexes, removal of the gonads does not 
interrupt horn growth, except that in the wether they resemble those of the 
ewe and do not become as heavy or as coiled as they do in the ram. In a 
breed such as the Hcrdwick, horned in the ram and not in the ewe, horn 
growth ceases when the ram lamb is castrated, but ovariectomy has no effect; 
the ewes continue to be hornless (115, 116). A similar result has been re¬ 
corded for the Merino (117). It is evident that there is an interplay between 
hormones and genes the exact nature of which is still obscure. It would be 
worth while to observe the effects of the implantation of tablets of gonadic 
hormones in gonadectomized sheep of known genetic make-up. 
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Ovis ammon L. 
(=: O. poU 131 yth) 
ARGALI, ARKAR 


The arkar has one breeding season a year, from the end of October to 
December in Siberia, and the period of gestation lasts 5 months (i). Lambing 
is usually in early April, and the young ewes have i lamb while the older 
ones usually bear 2 (2). Older reports suggest that the arkar is monestrous 
and that the time of lambing varies considerably with the climate of the 
habitat, being later in the severer parts of the Himalayas (3). 
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Ovis canadensis Shaw 
BIGHORN 


Puberty is usually reached at 2V2 to 3 years of age. The breeding season 
is from mid-Novcmbcr to mid-December. One lamb is usually born, and 
the period of gestation is about 180 days (i). In the southern part of its 
range, e.g., in Texas, rut appears to be a little earlier as the lambs are dropped 
from March to April (2). Most docs experience their first estrus at 2^2 
years old (3). In Siberia puberty in both sexes is at 2 years old. They mate 
in December and the kids are born in June (4). 

1. Spencer, C. C. JM., 24: i-ii, 1943. 

2. Davis, W. B., and W. P. Taylor. JM., 20: 440-455, 1939. 

3. Smith, D. R. Idalio Dept. Fish and Game Wildlife Bull, i: 1-154, 1944. 

4. Tchernyavsky, F. B. ZZ., 41: 1556-1566, 1962. 


Ovis musimon Schreber 
MOUFLON 


The mouflon is seasonally polyestrous (i), but in the London zoo births 
have been spread throughout the year, though with a very marked peak 
in April. Twins are produced once in about 10 births (2). The males are 
fertile all the year (3). The gestation period is about 150 days. The testis 
weight has been recorded as 41 and 65 g. In the first of these the seminiferous 
tubules measured 2,040 meters, and in the second 6,816 meters. The spermato¬ 
zoon length is given as 31.1 /a (4, 5). 
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Ovis vignei Blyth 
URIAL 


This species comes in heat and breeds from September to December, but 
mating is earlier in the Punjab than in Astor (i). In the London zoo births 
have been from March to July, with most of them at the end of May and in 
June (2). The period of gestation is about 6 months and the number of kids 
is usually i or 2 (3). 

One testis weighed 70.2 g., and the length of seminiferous tubules was 
2,461 meters (4). 

1. Blanford, W. T. Fauna of British India. Mammals. London, 1888-91. 

2. Zuckerman, S. PZS., 122: 827-950, 1952-3. 

3. Lydekker, R. Game Animals of India, Burma, Malaya and Tibet. London, 1924. 

4. Knepp, T. H. Zoologica, 24: 329-332, 1939. 



INDEX OF LATIN NAMES 


Ahrocoma cincrea, 407 
Ahrocomidae, 407 
Acinonyx juhatus, 493 

Arornys caharintis, 372; dimidtatus, 372; 
hunteri, 372; ignitis, 372; pcrcivali, 372; 
wiUon't, 372 
Aconaemns juscus, 406 
Acrohates pygmaeus, 21 
Addax nasomaculatus, 612 
Adenota k.oh, 609; vardoni, 609 
Aepyceros melamptis, 617 
Afpyprymnus rufescens, 31 
Aethechinus jrontalis, 36 
Aethomys chrysophtlus, 322; kaiseri, 322; 

t ho mast, 322 
Ailurinac, 449 

Ailuropoda melanolcuca, 449 
Ailurtis jttlgens, 449 

Ahndon amocnus, 271; andinus, 271; hcr- 
lepschii, 271; bolivensis, 271; 271 

Alcelaphini, 536 

Alcelaphus caama, 613; cokci, 613; lelwel, 
613; lichiensteinii, 612; major, 613 
A Ices alces, 573 

AUartaga elater, 383; major 383; sibirica, 

383 

Allactagalus ptimilio, 384 
Allenopithecus nigroviridis. 162 
Alopex lagopus, 435 

Alouatta car ay a, 136; palliata, 135, 138; 

sent cuius, 136 
Alouattinae, 135 
Amblonyx cinerea, 470 
Ammotragus lervia, 632 
depressicornis, 584 
Anomaluridae, 257 
Anomalurinac, 257 

Anomdurus beecrojti, 257; frascri, 257; 


pelii, 257 

Antechtnomys laniger, 13 
Antechinus, ii 
Anthropoidea, 134 
Antidorcas marsupialis, 619 
Antilocapra americana, 578 
Antilocapridac, 614 
Antilope cervicapra, 617 
Antilopinac, 614 
Antrozous pallidus, 118 
Aonyx capensis, 471 
Aotes trivirgatus, 134 
Aotinac, 134 
Aplodontia rtija, 214 
Aplodontidac, 214 

Apodemtis agrarius, 318; flavicollis, 318; 
mystacinus, 318; speciosus, 318; sylvaticus, 

317 

Arctictis bintiirong, 475 
Arctocephalus australis, 494; jorsteri, 494; 
pusilltis, 493 

Arctogalidia trivirgata, 474 
Artibeus cinereus, 91; hirstilus, 91; jamai- 
censis, 90; lituratus, 90; planirostris, 91 
Artiodactyla, S36 

Arvicanthtis abyssinicus, 320; niloticus, 320 
Arvicola amphibius, 293; terrestris, 293 
Atelerix albiventris, 39 
A teles geoffroyi, 137; paniscus, 138 
Atclinac, 137 
Atherurinae, 385 

Atherurus africanus, 385; macrourus, 385 
Atilax paludinosus, 479 
Avahi, 128 

Axis axis, 460; porcinus, 561 

Babirussa babyrussa, 5S3 
Baiomys musculus, 278; taylori, 270 



654 


INDEX OF LATIN NAMES 


Balaena mysticetus, 424 
Balaenklae, 423 

Balaenoptera acutirostrata, 418; borealis, 419; 

physalus, 420 
Balacnoptcridae, 418 
Balaeiiopteryx, 73 

Bandicota bengalensis, 372; gracilis, 373; 

37-2; malaharica, 373 
Barbastella harbastelliis, 113 
Bassartscxis astutus, 446; sumichraasti, 446 
Bathyer^ridae, 408 
Beamys major, 373 
Berarditis bairdi, 411 
Bettongia cnnictilus, 30; lesueuri, 31 
Bibos hanteng, 605; jrontalis, 603; gaurus, 
603; indicus, 603 
Bison bison, 605; honasits, 606 
Blarina hrcvicatida, 51; telmalestes, 52 
Bias Sorer ns besoarticns. 572; dichotoma, 572 
Bos grunniens, 602; tanrus, 584 
Boselaphits tragocamelus, 580 
Bovidae, 536, 579 
Bovinac, 579 

Brachylagns idahoensis, 212 
Brachyphylla cavernarum, 89 
Bradypodidae, 178 

Brady pus cucuUiger. 178; grisetis, 178 
Bubaltis bubalis, 581 
Budorcas bedjordi, 622 

Callithricidac, 139 

Callithrix argentata, 139; jacchus, 139 
Callorhinus nr sinus, 494 
Callosciurtis caniceps, 224; erythraeus. 224; 
hippurus, 224; lokroides, 224; lowi, 224; 
nigrovattus, 224; notatus, 224; prevosti, 
225; tenuis, 225; vittatus, 225 
Calomyscus bailwardi, 269 
Caloprymntis campestris, 31 
Camelidae, 555 

Camelns bactrianus, 556; dromedarius, 557 
Canidae, 425 
Caninac, 426 

Cants adustus, 435; aureus, 435; azarae, 435; 
familiaris, 426; latrans, 434; lupus, 434; 
mesomelas, 435; mexicanus, 435 
Capra caucasica, 631; jalconeri, 630; hircus, 
623; ibex, 631; pyrenaica, 631; sibirica, 
631 

Capreolus capreolus, 575 


Capricornis sumatrensis, 621 
Caprinac, 620 
Caprini, 536 
Capromyidae, 404 
Capromys pilorides, 404 
Cardioderma cor, 78 
Carnivora, 425 

Carollia cast an ea, 88; perspicillata, 88 

Carolliinae, 88 

Casinycteris orgynnis, 71 

Castor canadensis, 255; fiber, 256 

Castor id ae, 235 

Cavia porcelUis, 386 

Caviidae, 214, 386 

Cebidae, 134 

Cebinae, 136 

Cebus albifrons, 136; apella, 136; capucinus, 

137 

Centurio senex, 91 
Cephalophinae, 607 

Cephalophus dorsalis, 607; harveyi, 607; 
maxwelli, 607; monticola, 607; natalensis, 
607; sylvicultrix, 607 
Ceratotherium si mum, 534; unicornis, 534 
Cercaertus concinnus, 21 
Cercocebus albigena, 155; torquatus, 155 
Corcopithccidac, 140 
Ccrcopithccinae, 140 

CercopithecHS aethiops, i6t; diana, 161; 
Vhoesti, 161; mitis, i6i; mono, 161; 
nictitans, 161 
Cervidae, 536, 558 
Cervinae, 559 

Cervus aljredi, 366; canadensis, 561; cash- 
miriensis, 561; duvauceli, 364; elaphus, 
563; eldi, 364; nippon, 566; timoriensis, 
363; unicolor, 565 
Cetacea, 410 
Chaerophon, 120 
Chaeropus castanotis, 17 
Chalinolohus argentatus, 112; gouldi, 112; 

humeralis, 1 12 
Chcirogalcinac, 127 
Cheirogaleus major, 127; medius, 127 
Chilonyctcrinac, 82 

Chilonycteris, personata, 82; rubiginosa, 82 
Chinchilla laniger, 403 
Chinchillidac, 402 

Chiroderma trinitatum, 89; villosum, 89 
Chironectes minimus, ii; panamensis, ii 
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Chiropodomys gliroides, 377 
Chiroptcra, 64 
Choeronycteris mexicana, 87 
Choei'onysciis inca, 88; intermedius, 88 
Choeropsis liheriensis, 555 
Choloepus didactylus, 178; hoffmanni, 178 
Chrysochloriclae, 35 
Chrysochloris damarensis, 35 
Chrysocyon hrachyurus, 442 
Chrysospalax villosus, 36 
Cin^^ulata, 179 

Citellus armatus, 237; heecheyi, 230; held- 
ingi, 237; citellus, 237; coltimbianus, 231; 
eversmanni, 237; jranl{lini, 237; fulvus, 
237; harrisii, 238; interpres, 238; lateralis, 
238; leucurus, 231; major, 238; mexicantis, 
238; mohavensis, 238; nelsoni, 238; ore- 
gontts, 237; pygmaeus, 238; relictus, 238; 
richardsoni, 231; spilosoma, 238; suslictts, 
232: tereticaudus, 238; townsendii, 232; 
tridecimlineatus, 233; undulatus, 237; vari- 
gatns, 238; washingtoni, 238 
Civettictis civetta, 473 

Clethrionomys gap peri, 290; glareolus. 290; 
occidentalis, 292; rufocanus, 291; rutilis, 
292 

Coelomys hi col or, 336 
Coendti mcxicanum, 386; villostis, 386 
Col cur a a fra, 72 
Colobinac, 162 

Colohus hadius, 164; polyl{omus, 164 
Colomys goslingi, 371 
Comopithecus hamadryas, 156, 158 
Condylura cristata, 62 
Condylurinac, 62 

Conepatus chiriga, 469; mapurito, 469; me- 
soleucas, 469 

Connochoetes gnu, 613; taurinus, 614 
Corynorhiniis, 114 

Cratogeomys castanops, 248; fttlvcscens, 248: 

merriami, 248; perotensis, 248 
Criceticlac, 213, 214, 258 
Cricetinac, 258 
Cricetomys gamhianus, 374 
Cricetulus barahensis, 280; eversmanni, 281; 

migratorius, 282; triton, 281 
Cricetus cricetus, 280 

Crocidura attila, 54; deserti, 53; dsi-neztimt, 
54; flavescens, 54; hildegardeae, 54; hirta, 
54; jac\soni, 54; leucodon, 54; luna, 54; 
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occidentalis, 54; poensis, 54; russula, 54; 
turba, 54 
Crocidurinac, 53 
Crocuta crocuta, 481 

Cryptomys damarensis, 408; hottentotus, 
409; mechowii, 409; mellandi, 409 
Cryptoprocta ferox, 480 
Cryptoproctinac, 480 
Cryptotis parva, 53 
Ctenodactylidac, 409 
Ctenodactylus gundi, 409 
Ctenomyidac, 407 

Ctenomysopimus, 407; peruanus, 407 

Cuniculinae, 401 

Cunictdtis paca, 401 

Ctton alpinus, 442 

Cyclopes didactylis, 177 

Cynictis penicillata, 480; selousi, 480 

Cynocephalidac, 63 

Cynocepbalus variegatus, 63 

Cynogale hennetti, 476 

Cynomys gunnisoni, 230; leucurus, 228; 

Ittdovicianus, 229: mexicanus, 230 
Cynoptcrus brachyotis, 66; sphinx, 65 
Cystophora cristata, 505 
Cy5.iophorinac, 505 

Dama dam a, mesopotamica, 560 

Damalisctis albijrons, 612; l{orrigum, 612; 

lunatus, 612; pygargus, 612 
Dasycercus cristicauda, 12 
Dasymys incomtus, 319 
Dasypodidac, 179 
Dasypodinac, 179 

Dasyprocta agouti, 402; azarae, 402; cristata, 
402; prymnolopha, 402; punctata, 402; 
variegata, 402 
Dasyproctidac, 401 
Dasypterus, 113 

Dasypus hydridus, 181; novemcinctus, 180, 
181 

Dasyuridae, ii 
Dasyurinac, 13 
Dasyurinus, 15 
Dasyurops, 15 

Dasyurus geoffroyi, 15; hallucatus, 15; 

maculatus, 15; quoU, 15; viverrinus, 13 
Daubentonia madagascariensis, 129 
Daubentoniidae, 129 
Delphinapterus leucas, 414 
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Dclphinidac, 415 
Delphinus delphis, 415 
Dendrohyrax arboreus, 513; dorsalis, 513 
Dendrolagus matschiei, 30; ursintts, 30 
Dendromus acraetts, 374; arenarius, 374; /»- 
signis, 374; melanotis, 374; messoritis, 
374; ochroptis, 374; whytei, 375 
Dcomys ferrttgineus, 376 
Dcrmoptcra, 63 
Desman a mo sc hat a, 56 
Dcsmaninac, 56 
DesmodiUus aurictilaris, 313 
Desmoclonticlac, 64, 92 
Desmodits rottindns, 92: yotingi, 92 
Dicerorhinus sumatrensls, 534 
Diceros htcornis, 535 

Dicrostonyx groenlandicus, 287; ruhricatus, 
288: torquatus, 288 
Didclphidae, 4 

Didelphis marsripialis, 6; paragiiayensis, 11; 

virginianus, 6 
Diphylla ecandata, 92 
Diplomesodon pule helium, 56 
DIpodidac, 382 
Dipodinac, 382 
Dipodomyinac, 251 

Dipodomys deserti, 253; heermannii, 251; 
ingens. 254; merriami, 252; microps, 254; 
nitratoides, 254; ordii, 252; spectahilis, 253 
Dipus sagitta, 382 
Dolichotinac, 400 

Dolichotis patagona, 400; salincola, 400 
Dromiciops australis, 5 
Dryomys nitedula, 379 
Dugong dtigon, 515 
Dugongidac, 515 

Echimyidae, 407 
Echinosorex gymnurus, 36 
Echinosoricinac, 36 
Edentata, 177 
Eidolon helvtim, 71 
Elaphurus davidianus, 567 
Elephantidae, 510 

Elephantulus, 33, 41; capensis, 44; intufi, 
44; jamesoni, 41; myurtts, 41; renatus, 
44; rozeti, 44; rupestris, 41, 44 
Elephas maximus, 511 
Eliomys quercinus, 379 
Ellohius talpinus, 308 


Emballuronidac, 64, 72 
Emballuroninac, 72 
Enhydris lutris, 471 
Eothenomys fidelis, 292; \ageus, 293; 

nogaster, 293; simithii, 293 
Epomophorus angolensis, 70; anurus, 69; 
crypturtis, 70; dobsoni, 70; franqueti, 70; 
gamhianus, 70; labiatus, 70; monstrosus, 
70; pusillus, 70; wahlbergi, 70 
Epomops, 70 

Eptesicus capensis, 108; juscus, 106; gar am- 
bae, 108; rendelU, 109; serotinus, 108; 
tenuipinnis, 109; tic/^elli, 109 
Equidae, 516 

Equtis asinus, 530; hurchellii, 532; caballus, 
516; grevyi, 533; he mi on us, 532; quagga, 
533: 533 

Erethizon dorsatum, 385; epixanthum, 386 
Erethizontidae, 385 
I*>cthi7.ontinac, 385 
Ericulus, 34 

Erignathus bar bat us, 502 

Erinaccidac, 36 

Erinaceinac, 36 

Erinaceus europaeus, 37 

Erophylla sezekorni, 91 

Erythrocebus pat as, 162 

Euhalaena australis, 423; glacialis, 423 

Euderma maculatum, 116 

Eumetopias jubaia, 496 

Eumops, 121, 122 

Euotictis elcgantulus, 133 

Euphractus sexcinctus, 179; villosus, 179 

Eupleres goudotii, 476 

Eutamias amoenus, 240; bullcri, 241; cineri- 
collis, 241; dorsalis, 241; merriami, 241; 
minimus, 240; quadrimaculatus, 241; 

quadrivittatiis. 241; sibiricus, 241; specio- 
sus, 241; townsendii, 242; umbrinus, 242 

Felidae, 425, 482 
Fclinae, 482 

Fe/zV bengalensis, 490; canadensis, 490; cara¬ 
cal, 490; 482; chaus, 490; concolor, 

489; geoffroyi, 490; libyca, 490; lynx, 490; 
margarita, 490; nigripes, 490; pardalis, 
490; planiceps, 490; ruhiginosa, 490; serval, 
490; silvestris, 488; tigrina, 490; tujus, 488; 
yaguarondi, 490 
Eennecus zerda, 440 
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Funatnbulus palmarum, 221; pennanti, 222 
Vumsaurus auriculatus, 223; congicus, 223; 
layardi, 222; pyrrhopus, 223 

Galaginac, 131 

Galago allent, 132; crassicaudatus, 131; 

demidovii, 132; sencgalensis, 131 
Galea mustcloides, 400 
Galemys pyrenaictis, 57 
Galera harbara, 463 
Galidia elegans, 476 
Galicliinac, 476 

Gazella arahica, 618; hennettii, 618; cuviert, 
618; dama, 618; dorcas, 618; granti, 61 g: 
marica, 61 g; muscatensts, 619; sub gut- 
turosa, 619; thomsoni, 618 
Genetta genetta, 472; tigrina, 472 
Gcomyidac, 213, 244 
Gcomyinac, 244 

Geomys arenarius, 245; bur sarins, 244; pine- 
tis, 245; tuza, 245 
Gcrbillinac, 214, 309 

Gerbilltis campestris, 309; cheesmani, 309; 
dasyurus, 309; gcrbillus, 309; pyramidum, 
309; quudnmaculatus, 309; simoni, 309; 
s wall us, 309 

Giraffa Camelopardalis, 577 
Giraffidae, 576 
Giraffinac, 577 

Glaucomys sabrinus, 242; volans, 243 
Gliridac, 378 
Glirinae, 378 
Gits glis, 378 

Glohicephala man’orhyncha, 417; melaena, 
416; scammoni, 417 
Glossophaga longirostris, 86; soricina, 86 
Glossophaginac, 86 
Golunda ellioti, 320 
Gorilla gorilla, 168 
Grampus rectipinna, 415 
Graphiurinae, 379 

Graphiurus christyi, 379; {elleni, 380; lor- 
raneus, 380; murinus, 380; nanus, 380; 
vulcanicus, 380 
Grison canaster, 464 
Gulo gulo, 465 

Hadromys humei, 320 
Halichoerus grypus, 501 
Hapale, 139 


Hapalemur griseus, 125 
Helarctos malayana, 446 
Helictis personata, 468 
Heliophobus argentocinereus, 409 
Heliosciurus gam bianus, 224; rujobrachium, 
224 

Helogale dyhowsl{ii, 478; ivori, 479; parvula, 
479; vettila, 479 
hlemicentetes semispinosus, 35 
Hemiechinus auritus, 40 
Hemigalinac, 476 
Hemigalus derhyianus, 476 
Hemitragus hylocrius, 623; jemlahicus, 623 
Herpailurus, 490 

Heipestes auropunctatus, 477; cauui, 478; 
edwardsi, 478; juscus, 478; ichneumon, 
478; javanicus, 478; sanguineus, 478; 
smithi, 478: urva, 478; viticollis, 478 
Hcrpcstinac, 477 

Hesperomys lauchia, 272; sorella, 272 
Hesperotinus, 109 
Heterogeomys hispidis, 249 
Heterohyrax chapini, 513; syriacus, 513 
Hctcromyidae, 213, 249 
Heteromyinac, 254 

Heteromys desmarestianus, 254; gaumeri, 
255: or ester us, 255 
Hippocamelus antesensis, 572 
Hippopotamidac, 554 
Hippopotamus amphibius, 554 
Hipposideridac, 64, 65, 80 
Hipposideros abae, 80; armiger, 81; beatus, 
608; bicolor, 81; caffer, 81; cyclops, 81; 
galeritus, 81; lanl{adiva, 81; nanus, 81; 
speoris, 81 
Hippotrapinac, 608 
Hippotragus equinus, 611; niger, 6ii 
Holochilus sciureus, 273 
Hominidac, 168 
Homo sapiens, 168 
Hyaena brunnea, 482; hyaena, 482 
Hyacnldac, 481 
Hyacninac, 481 
Hybomys univattatus, 322 
Hydrochocridac, 401 

Hydrochoerus hydrochaeris, 401; isthmus, 
401 

Hydromyinac, 377 
Hydromys chrysogaster, 377 
Hydropotes inermis, 575 
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Hydrurga leptonyx, 503 
Hyelaphus, 561 
Hyemoschtis aquaticus, 557 
Hylohates concolor, 165; hooloc\, 164; lar^ 
164 

Hylobatinae, 164 
Hylochoerus meinertzhagem, 552 
Hylomyscus. 355 
Hyperoodon ampullatus, 412 
Hypsignathus, 70 
Hypsiprymnodon moschatus, 32 
Hyracoidea, 513 
Hystricklae, 384 
Hystricinae, 384 

Hysfrix africae-australis, 384; hr achy ur us, 
384; cristata. 384; hodgsom, 384; leuctira, 
384; subcristatiis, 384 

Ichneumia aUncauda, 480 
Ictailurns, 490 
Idionycteris phyllotis, 115 
Indri indri, 129 
Indriidac, 128 
Inia geoffroyensis, 411 
Iniinae, 411 
Insectivora, 33 
lomys horsfieldi, 243 
Isoodon, 18 

]aculHS jactdus, 383; orient alls, 383 
Jaguar ins, 492 

Kerivoula ctiprosa, 118; lanosa, 118; picta, 
118 

Kerivoulinac, 118 

Kohus dejassa. 608; ellipsiprymnus, 608 
Kogia hreviceps, 414 
Kogiinae, 414 

Lagenorhynchtis actitus, 416; ohliquidens, 
416 

Lagidium peruanum. 403 
Lagomorpha, 183 
Lagorchestes jasciatus, 25 
Lagostomus maxim us, 402 
Lagothrix cana, 138; lagotricha, 138 
Lagttrus curtaUis, 308; lagurus, 308 
Lama glama, 5555 vicugna, 555 
Lariscus insignis, 225 
Lascinnycteris noctivagans, 102 


Lasiorhinus latifrons, 25 
Lasiurus borealis, 112; cinereus, 112; ega, 
113; floridanus, 113; seminolus, 113; se- 
motus, 113 
Lavia frons, 78 

Lemtnus lemmus, 289; trimucronatus, 289 
Lemniscomys barbara, 321; griselda, 321; 
striatus, 321 

Lemur catta, 125; julvus, 126; macaco, 125; 

mongoz, 126; rubriventer, 126 
Leniuridae, 125 
Lemurinae, 125 
Lemuroidca, 123 
Leo, 492 

Leontocebus midas, 140; nigricollis, 140; ro- 
salia, 139; sphinx, 140 
Leopardus, 490 
Lepilemus mustilenus, 126 
Lcporidac, 184. 

Lcporinac, 185 
Leptailurus, 490 
Leptonychotes weddelhi, 503 
Lepus allenie, 190; ameriranus, 186; arcticus, 
185; calif amicus, 187: capensis, iQo: euro- 
paeus, 188; marjorita, 190: mexicanus, 
190; nigricollis, 190; saxatilis, 189; timi- 
dus, 189; townsendii, 190 
Lichanotus laniger, 128 
Limnotragus, <579 
Liomys pictus, 254: sahnni, 254 
Lobodon carcinophagus, 502 
Lobodontinac, S02 

Lonchoglossa ecauduta, 87; geoffroyi, 87 
Lonchorhino aurita, 84 
Lophuromys aqttilus, 371; sikapnsi, 371 
Loris tardigradus, 130 
Lorisidac, 130 
Lorisinac, 130 
Loxondonta afriranus, 510 
Lutra annt'ctcns, 470; canadensis, 469; lutra, 
470; macttlu ollis, 470 
Lutrinac, 469 
Lycaon pictus. 442 
Lynx, 488, 490 
Lyroderma, 77 

Afacaca cyclopis, 140; cynomolgus, 141; fasci- 
cularis, 141; fuscata, 140; irtis, 141, 156; 
mauriis, 134; mordax, 141; mulatta, 143; 
nemestrina, 132; pileatas, 153; radiata, 
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152; rhesus, 143; silenus, 153; sinica, 153; 
syhanus, 154 
Macrochiroptcra, 65 
Macroglossinac, 71 
Macroglosstis lagochilus, 71 
Macrophyllum macrophyllum, 84 
Macropoclidae, 4, 25 
Macropodinae, 25 

Macro pus juligitiosus, 29; major, 27; ro¬ 
bust us, 28; rufus, 28 
Macroscelides prohnscideus, 40 
Macroscclididac, 40 
Macrofarsomys hastardi, 287 
Macrottis cahjornicus, 84; mexicanus, 84 
Malacomys longipes, 3=57 
Malacothrix typicus, 375 
Mandrilltis leucophaetis, 160; sphinx, 160 
Manidae, 182 

Manis crassicaudata, 182; gigantea, 182; ja- 
vanica, 182; pentadactyla, 182; temmincki, 
182; trials pis, 182 

Marmosa cinerea, 5; elegans, 5; mexicana, 5; 
murina, 5 

Marmota hnbah, 227: caligata, 227; camscha- 
tica, 227: jiavivcntris, 227; marmota, 226, 
227: nwnax, 226; sibirica, 228 
Marsupialia, 4 

Martes americana, 461; martes, 462; pen- 
nan ti. 462; zibellina, 460 
Mastomys, 352 

Mazawa americana, 571; simplicicornis, 571; 
tema, 571 

Mcgadcrma cor. 78: /vrj, 77; spasma, 78 

Megadcrrnalidae, 64, 77 

Mcgaptera nocae-angliae. 421 

A/r/r.f meles, 466 

Mclinae, 466 

Mellit'ora ca pen sis, 465 

Mellivorinac, 46s 

Mclomys cerrinipes, 336 

Melursus ursinus, 446 

Mt'phitinae, 468 

Mephitis macroura, 468; mephitis, 468 
Meriones hurrianae, 314; libycus, 314: longi- 
frons, 313; meridianus, 314; persicus 314; 
tamaricinus, 314; tristrami, 314; vinogra- 
dovi, 314 

Mrsembriomys gouldi, 319 
Mesocricetus auratus, 282; raddet, 286 
Mesoplodon gervaisi, 411; mints, 411 


Metachirus nudicaudatus, 6 
Mico, 139 

Microcavia australis, 400 

Microcebus coquereli, 128; murintis, 127 

Microchiroptera, 72 

Microdipodops megacephalus, 251; pallidus, 
251 

Microfelis, 490 

Micromys minutus, 317 

Micronycteris brachyotis, 83; hirsuta, 83; 

megalotis, 83; minuta, 83; nice fori, 83 
Micropteropiis, 70 
Microscitirus aljori, 220 
Mtcrosorex hoyi, 50 
Microtinae, 287 

Miaotus agrestis, 298; arvalis, 290; blythi, 
307; calijornicus, 300; chrotorrhinus, 306; 
gregalis, 306; gucntheri, 301; incertus, 
306; longicatidtis, 306; ludovicianus, 307; 
mexicanus, 306; mitirus, 306; mvntanus, 
302; montebelloi 306; mordax, 306; 
nanus, 306; nivalis, 306; ochrogaster, 302; 
oeconomus, 303; operarius, 306; orcaden- 
sis, 306; oregoni, 304; pennsylvanicus, 
304; richardsoni, 307; sibl(ifncnsis, 307; 
socialis, 307; townsendii, 307; xanthogna- 
thus, 307 

Millardia meltada, 322 
Mi man crenulatum, 85 
Minioptcrinae, 116 

Miniopterus, 64: australis. 116: macrocneme, 
117; minor, 116; natalensis, 116; rufus, 
117; S( hreibersii, 117 
Mirounga angustirostris, 508; leonina, 506 
Mogera latouchei, 59 
Molossidae, 65, 118 
Molossops green halli, 118 
Molossus ater, 121; centralis. 122; major, 
121; nigricans, 121; perotis, 121; under- 
woodi, 122 
Monachinac, 505 

Monachus monachus, 505; schauinslandi, 

505: tropicalis, 505 
Monodon monoceros, 414 
Monodontidac, 414 
Monotrcmata, i 
Mops, 120 

Mormoops megalophylla, 83 

Moschinar, 558 

Moschus moschiferus, 558 
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Mungos mango, 479 
Muntiacinac, 559 

Mnntiacas ?nuntja/{, 5S9; rccvesi, 559 
Muriclac, 213, 214, 316 
Murinae, 316 

Mtts bactrianus, 3S7; helUis, 370; booduga, 
370; calliwacrti, 370; grains, 370; mimitoi- 
des, 370; mtiscnloides, 370; musculus, 

357; triton, 370 
Mtiscardiniis avallanarius, 378 
Mnstela altaica, 460; arctica, 450; cicognanii, 
450: erminea, 449; eversmanni, 452; fiavi- 
gula, 46f); foina, 461; jrenata, 451; juro, 
452; \athiac, 460; lutreola, 460; nivalis, 
451; pntorius, 452; rixosa, 460; sibirica, 
460; vison, 457 
Mustcliclae, 425, 449 
Mustelinae, 449 
Myocaster coy pus, 405 
Myonax, 478 
Myonycteris, 66 
Myosorex varius, 56 

Myotis adverstis, 100; aastroriparius, 93; 
hechsteini, 100; hocagii, 100; californicus, 
100; capaccinii, 94; chiloensis, 100; dan- 
hentoni, 100; cmargtnalus, 94; evotis, 
100; fortidens, 100; grisescens, 94, 97; 
keeni, 95; longicaudatns, 100; lacifttgus, 
96; myotis, 97, 109; mystacinus, 99; nat- 
tercri, 100; nigricans, 100; occtiUitas, 100; 
peytoni, 100; sodalis, 99; thysanodes, 101; 
tricolor, loi; vclijer, 99; vivesi, loi; vo- 
lans, 101; ynmaensis, 101 
Myrmccobiinac, t6 
Wyrmecohins jasciatas, 16 
Myrtnecopbaga tridactyla, 177 
Myrmecophagitlac, 177 
Mystomys albicaudatiis, 286 

Kandinia binotaia, 474 
Napaeozapas insignis, 382 
Nasalis larvatus, 163 
Nasilio hrachyrhynchus, 40 
Nastia nasua, 448 
Natalidae, 93 

Natalus mexicanus, 93; tumidirostris, 93 
Nemorhaedus goral, 621 
Neofiber alleni, 296 
Neomys fodiens, 50 
Nenphoca hookeri, 497 


Neophocaena phocacnoides, 418 
Neotoma alhigula, 275; cinerea, 276; flori* 
dana, 276; fuscipcs, 278; goldmani, 279; 
lepida, 278; mcxicana, 279; micropus, 
279; phenax, 279 
Neotomodon alstoni, 275 
Neotomys ebriosiis, 273 
Neotragini, 536 
Nesokfia indica, 373 
Ncsomyinae, 287 

Nesotragas livingstonianus, 615; moschatus, 
616 

Nearotric /ms gibbsii, 60 
Noctijelis, 490 

Noctilio labial is, 75; leporintts, 75 
Noctilionidac, 75 
Notiosorex crawjordi, 53 
Notomys goaldii, 371; mitchelli, 372 
Notopteris macdonaldi, 71 
N yet alas, 105, to6 
Nyctereutes procyonides, 441 
Nyctcritlae, 64, 75 

Nycteris aeihiopica, 76; urge, 76; capensis, 
76; damarensis, 76; grandis, 76; hispida, 
75: lateola, 75, 76; nana, 76; pallida, 77; 
thebaica, 77 
Nyctcrophilinac, 118 

Nycticebas coucang, 130; intermedins, 130 
Nycticeius humeralis, 109 
Nyctinomis, 120 
Nyctomys sumichrasti, 261 

Ochotona alpina, 183; coUaris, 184; datirica, 
184; hyperborca, 184; princeps, 183; pu- 
silla, 184; roylei, 184 
Ochotonidae, 183 
Oebromys woosnami, 355 
Octodon degas, 406 
Octodontidac, 406 
Odobenidae, 497 
Odobenus rosmarus, 497 
Odocoilcinac, 567 

Odocoileus hemionus, 567; virginianus, 569; 

V. acapulcensis, 571 
Oecomys, 259 
Oedipomidas, 140 
Oenomys hypoxanthus, 319 
Ol{apia johnstoni, 576 
Ondatra zihethica, 294 
Onotragus leche, 609 
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Onychogalea jrenata, 26 
Onychomys leucogaster, 270; torridus, 271 
Oreamnos americanus, 621 
Orcotragus or cotragus, 614 
Ornithorhynchidac, 2 
Ornithorhynchus anatinus, 2 
Orycteropodidac, 509 
Oryctcropus ajer, 509 
Oryctolagus cuniculus, 195 
Oryx algazel, 611; heisa, 611; gazella, 611 
OryzofYiys alfaroi, 258; hicolor, 259; caligin- 
ostis, 259; rouesi, 259; devius, 269; en- 
dcrsi, 2^9; julvasccns, 259; palustris, 258; 
pyrrorhinus, 259; talamancae, 259 
Osphranter rohustus, 28 
Otaria hyroni, 496 
Otariidac, 493 
Otncyon mcgalotis, 443 
Otocyoninae, 443 
Otonwps, 120 
Otomyinae, 376 

Otnrnys anchicta, 376; dcnu, 376; irroratus, 
376; tropical is, 376 
Ototylomys phyllotis, 261 
Ourehia ourehi, 613 
Ovihos moschatus, 622 

0/7/ amnion, 630; aries, 632; canadensis, 
651; musimon, 651; po//, 650; vignei, 
652 

Pachyuroniys duprasi, 313 
Paguma lanigcra, 475; larvata, 475 
Pnlacotra^^inac, 576 
Paleolnginac, 184 
P/iw satyrns, 166 

Panthcra leo, 492; 492; pardus, 491; 

//^m, 492; uncia, 493 
Pantholops hndgsoni, 620 
Papio anubis, 138; comatus, 133, 159; 

cynocephalus, 138; dogtirea, 158; hama- 
dryas, 158 
Paradoxurinac, 474 

Paradoxurus hermaphroditus, 474; jerdoni, 
474; zeylonensis, 475 
Paraechintts micropus, 40 
Parascalops hreweri, 60 
Paratomys hrantsii, 377; littledalci, 377 
Paraxerus cepapi, 223; emeni, 223; flavi- 
vittis, 224; ochracetts, 224 


Pedetes cafer, 257; surdaster, 257 
Pedetidae, 257 
Pedomys, 307 
Pelea capreolus, 610 
Pclomys fallax, 321; jrater, 321 
Pcramelcs eremiana, 17; jasciata, 17; my'o- 
17; nasuta, 17 
Pcramclidac, 17 
Perissodactyla, 516 
Perodicticus potto, 131 
Perognathinac, 249 

Perognathtis baileyi, 249; fasciatus, 259; 
flavesrens, 249; fJavus, 250; formosus, 
250; hispidtis, 230; longimemhris, 250; 
/or///, 249; merriami, 250; nelsoni, 250; 
parvus, 250; pcnnicillattis, 230 
Peromysetis, 213; hairdii, 266; handeranus, 
268; hoylii, 261; californicus, 262; crinittis, 
268; difficilis, 268; ercmicus, 262; ilort- 
danus, 263; gossypinus, 263; gracilis, 266; 
Icucopus, 264; maniculatiis, 265: megalops, 
268; melanophrys, 268; melanotis, 268; 
mexicanus, 268: nasutiis, 268; nudipes, 
269: Auttalli, 269; peeforalis, 269; polio- 
notus, 267; m/f/, 267; yucatenicus, 269 
Peropteryx, 73 

Petaurista magnificus, 242; petaurista, 242; 

volans, 242 
Petaurislinac, 242 

Petaurus hreviceps, 22; sciureus, 22; /. «or- 
folccnsis, 22 

Petrodromus rohustus, 45; rovunae, 45; //•/- 
radactylus, 43 

Petrogale inornata, 23; pearsoni, 25; peniciU 
lata, 23; xanthopus, 23 
Petromyidae, 408 
Petromys typicus, 408 

Petromyscus collinus, 373; shortridgei, 375 

Phacochoerus aethiopicus, 532 

Phaiomys, 307 

Phalanger orientalis, 18 

Phalaiigcridae, 18 

Phalangcrinac, 18 

Phancr fureijer, 128 

Phascogale apicalis, 12; flavtpes, ii; tn- 
grami, 12; maculatus, 12; tapoatafa, 12 
Phascogalinac, it 
P hascolarctinac, 23 
Phascolarctos cineretts, 23 
Phascolomidac, 24 
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Phascolomis hirsutus, 24; mitchelli, 24; ur- 
sinus, 24 
Phataginus, 182 

Phenacomys intermedins, 296; longicaudus, 
297; sylvicola, 297 
Philander opossum, 4 
Phloeomyinae, 377 

Phoca caspica, 500; jasciata, 500; groen- 
landica, 498; hispida, 498; vitulina, 499 
Vhocaena phocoena, 417 
Phocaenidae, 417 
Phocidae, 498 
Phocinae, 498 
Pholidota, 182 
Phyllonycterinae, 91 
Phyllonycteris poeyi, 91 
Phyllostomatidae, 64, 82 
Phyllostomatinac, 83 
Phyllostomus discolor, 85; hastatus, 85 
Phy/Iotis holiviensis, 272; darwinii, 272; pic- 
tus, 2y2\ suhlimis, 272 
Physeter catodon, 412 
Physcteridae, 412 
Physeterinac, 412 
Pinnipedia, 425 

Pipistrellus ahramus, 102; ceylonicus, T05; 
coromandra, 105; ctilex, 105; foureri, 
105; hespertis, 105; }{uhli, 105; leisleri, 
106; mirnus, 105; nanus, 106; nathusii, 
106; noctula, 105; pipistrellus, 103; savii, 
106; suhflavtis, 104 

Pitymys duodecimcostatus, 298; pineiorum, 
297; qtiasiter, 298; suhterraneus, 298 

Pizonyx, loi 
Planigale, 12 
Platanista gangetica, 410 
Platanistidac, 410 
Platanistinae, 410 

Plecotus aurittis, 113; rafinesquii, 114 

Poecilictis libyca, 464 

Poecilogale alhinucha, 464 

Poelagus, 190 

Poephagus, 602 

Pogonomys macrourus, 377 

Pongidae, 164 

Ponginac, 165 

Pongo pygmacus, 165 

Potamochoerus larvatus, 537; porcus, 537 

Potamogale velox, 35 

Potamogalidae, 35 


Potororoinae, 30 
Potorous tridactylus, 32 
Potos flavus, 448 

Praomys tnorio, 355; taitae, 355; tulhergi, 
355 

Preshytis aygula, 163; cristatus, 163; entel- 
Ins, 162; johni, 163; senex, 163 
Primates, 33, 123 
Priodontes gigantes, 179 
Prionailurtis, 490 
Prionodon pardicolor, 473 
Proboscidca, 510 

Procapra gutturosa, 619; picticaudata, 620 
Procavia ca pen sis, 514; hahessinica, 514; 

johnstoni, 514; ruficeps, 514 
Procaviidac, 513 

Procyon cancrivorus, 448; lotor, 447 
Procyonidac, 42', 446 
Procyoninae, 446 
Proechimys cayennensis, 407 
Prometheomys schaposchnil{ovi, 295 
Promops, 122 

Pronolagtis crassicaudatus, 184; randensis, 
184 

Propithccus verreauxi, 129 
Proteles cristatus, 481 
Prole!inac, 481 

Protemnodon agilis, 27; hicolor, 27; cangura, 
27; dorsalis, 27; clegans, 27; rufogrisea, 27 
Protoxerus stangcri, 223 
Psammomys obestts, 315 
Pseudocheirus convolutor, 23; cooJii, 24; 

laniginosus, 24; peregrintts, 24 
Pseudois nahoor, 632 
Pseudurca crassidens, 416 
Pteronotus davyi, 82; suapurensis, 82 
Ptcronura hraziliensis, 470 
Pteropus alecto, 68; arid, 68; conspicillattis, 
68; eotinus, 68; geddiei, 67; gigantciis, 
67; gouldi, 68; mdanotus, 68; natalis, 
68; niger, 69; ornatus, 69; poliocephalus, 
69; rujus, 69; scapulatus, 69; subniger, 
69 

Pudu, pudu, 572 
Puma, 489 

Punomys lemminus, 296 

Rangifer tarandus, 573; /. arcticus, 574; /. 

caribou, 574; t. sibiricus, 574 
Raphiceros campestris, 615; sharpei, 615 
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Rattus alleni, 355; assimilis, 323; bowersi, 
354; canus, 354; carrilhis, 355; conatus, 
324; concha, 352; cremoriventer, 354; 
erythroleucus, 351; exulans, 354; hawaii- 
ensis, 354; longicaudatus, 355; mono, 
355; mulleri, 354; natalensis, 353; nor- 
vegicus, 324; pellcx, 355; rajah, 35s; rai- 
351; r. jalorensis, 352; r. k^andiantis, 
352; sabanus, 355; snrijer, 3^5; taitae, 
355; tuUhergi, 355; whiteheadi, 355; 
woosrtami, 355 
Ratuja macroura, 222 

Rcdunca arundinum, 610; julvorujula, 610; 

redunca, 610 
Rcifhrodon typicus, 273 
Rcithrodontomys creper, 260: julvcsccns, 
260; gracilis, 260; humilis, 25Q; mega- 
lotis, 260; mcxicarius, 260; montanns, 260 
Rhahdomys pumilia, 321 
Rhachianectcs gihhosus, 418 
Rhachiancctidac, 418 
Rhcmoys thomasi, 280 
Rhinoccrotidac, «534 
Rhlnolophidae, 64, 65, 78 
Rhinolophus jcrrtim-equinum, 78; geofjroyi, 
80; hipposideros, 79; lepidus, 80; luctus, 
80; megaphyllus, 80; rouxi, 80; tragatns, 
80 

Rhinopoma hardwic\ci. 72; f^inneart, 72; 

microphyUtim, 72 
Rhinopomatidae, 64, 72 
Rhinosclurtis laticaudatus, 225 
Rhinzomyidae, 316 

Rhizomys pruinosus, 316; vestitns, 316 
Rhogcessa parvnla, im; titmida, no 
Rhomhomys 0pirn ns, 315 
Rhynchocyon cirnei, 45 
Rhynchonycteris naso, 73 
Rhynchatragus guentheri, 6j6; kirbii, 616 
Rodentia, 213 
Romcrolagus dlazi, 185 
Rouseffus aegyptiacus, 66; angolensis, 66; 
leachi, 66; leschenaulti, 66; semiriudus, 
66; wroughtoni, 66 
Riicervus, 564 
Rtipicapra rupicapra, 622 
Rttsa, 565, 566 

Saccolaimus, 74 

Saccopteryx bilineata, 73; canina, 73; 10, 73; 


leptura, 4; macrotis, 73; plicata, 73 
Saccostomus campestris, 373 
Saiga tar tar tea, 620 
Saimiri oerstedi, 137; sciurea, 137 
Sarcophiltis harrisi, 15 
Satanellus, 15 
Scalopinac, 60 
Scalopus aquaticus, 6i 
Scapanus orarius, 60; townsendii, 61 
Schoinohates volans, 24 
Scirtopoda teltim, 383 
Sciuridae, 213, 215 
Sciurillns pusillus, 220 
Sciurinae, 215 

Scitirus aherti, 218; alleni, 218; apache, 219; 
aureogaster, 219; carolinensis, 215; deppei, 
219; gerrardi, 219; griseus, 219; hoff- 
manni, 219; negligens, 219; niger, 217; 
polioptis, 219; variegatoides, 219; vul¬ 
garis, 218 

Scotinomys teguina, 272 

ScotopJiilus heathi, iii; murino-flavus, iii; 

nigrita, 111; temmincki. 110 
Selenarctos thihetanus, 443 
S e m n o pith ecus, 16 2 
Seti/er setosus, 34 
Setonix hrachyurus, 29 
Sibhaldus musctilus, 422 
Sicisfa hetulina, 380; suhtilis, 380 
Sicistinac, 380 

Sigmondon hogotensis, 275; hispidus, 273; 

minimus, 275; Ochrognathus, 275 
Sibn, 566 
Simocyoninae, 442 
Sirenia, 51s 

Sminthopsis crassicaudata, 13 
Smut si a, 182 

Sorex araneus, 45; arcticus, 49; cinereus, 
49; dispar, 40; fumeus, 49; longirostris, 
49; merriami, 49; milleri, 49; mlnutus, 
47; palustris, 48; trowhridgei, 49; vagrans, 

48 

Soricidac, 33, 45 
Soricinac, 45 
Spalacidac, 315 

Spalax kirgisorum, 315; microphthalamus, 
316 

Spilocuscus nudicaudatus, 22 
Spilogale gracilis, 468; putorius, 469 
Steatomys opimus, 375; pratensis, 376 
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Stenodcrminae, 89 
Stochomys, 355 

Strepsiceros angasi, 579; imherbis, 579; scrip- 
tus, 579; spe\ci, 579; strepsiceros, 579 
Sturnira liliitm, 88; iildae, 89 
Sturnirinae, 88 
Suidae, 537 

Sunetts lixtts, 55; mtmntis, 55; varilla, 55 
Suricata suricatta, 477 

Stis barbattis, 551; salvanius, 552; scrofa, 
537; vittatus, 552 
Sylvicapra grimmia, 607 
Sylvilagus aquaUcus, 191; atiduhoni, 191; 
bachmani, 192; braziliensis, 192; cunicu- 
laris, 194; floridmms, 193; mittalli, 194; 
palustris, 194; iransitionalis, 194 
Sylvisorex granti, 55; megaltira, 55; sorella, 
55 

Syryiphalangtis syndactylus, 165 
Synaptomys borealis, 289; cooperi, 288 
Syncerus cafjer, 605; nana, 605 

Tachyglossidae, i 
Tachyglossus aculeata, i 
T adarida aegyptiaca, 119; ansorgei, 120; 
braziliensis. 119; condyUira. 120; con- 
gica, 120; faradjius, 120; jemorosacca, 
119; limbata, 120; midas, 120; molossa, 
120; occipitalis, 120; oc hr ace a, 120; pu- 
rnila, 120; russatus, 120; teniotis, 120; 
thersites, 120; trevori, 120; wrotightoni, 
120 

Tdlpa europaea, 57 
Talpiclac, 33, 56 
Talpinac, 57 

Tawandtia tetradactyla, 177 
Tamarin, 140 
Tam i as stria tus, 239 

Tamiasriurus douglasii, 221; jremonti, 221; 
hudsonicits, 220 

Taphozotts bachhensis, 74; longimanus, 74; 
mauritanus, 74; melanopogon, 74; peli, 
74: perjoratus, 74; saccolaimus, 74 
Tapiridac, 533 

Tapirus bairdii, 533; indicus, 533; terrestris, 
533 

Tarsiidae, 133 

Tarsipetlinae, 23 

Tarsipes spenserae, 23 

Tarsi us spectrum, 133; syrichta, 134 


Tatera ajra, 310; hransti, 311; dichrura, 
312; indica, 312; lobengulae, 312; nigri- 
catida, 312; nyasae, 312; schinzi, 312; 
valida, 312; vicina, 312 
Taterilhis emini, 313 
Taurotragus derbianus, 580; oryx, 580 
Taxidea taxus, 467 

Tayassn angulatus, 553; pecari, 554; tajacu, 
554 

Tayassuidae, 553 
Teanopus, 279 
Tenrec ecaudatus, 33 
Tcnrccidae, 33 
Tetracerus qtiadricornis, 581 
Thalarctos maritimus, 445 
Thallomys damarensis, 323; namaquensis, 
323: nigricatida, 323 
Thamnomys surdaster, 319 
Theropithecus gelada, 160 
Thomomys bottae, 246; bulbivorus, 248; 
monticola, 248; talpoides, 247; townsendii, 
248; timbrinus, 248 
Thos, 435 

Thryonomyidac, 408 

Thryonomys harrisoni, 408; swindlerianus, 
408 

Thylacininac, 16 
Thylacinus cynoccphalus, 16 
Thylacis macrourus, 18; obesulus, 18 
Thylacomys leucuriis, 17 
Thylogalc billardicrii, 26; eugenii, 26; stig- 
matica, 26; thetis, 26 
Tigris, 492 

Tolypeutes conurus, 180; tricinctus, 180 
Tonatia bidens, 85 
True hops cirrhosus, 86 
Tragclaphus, 579 
Tragulidac, 557 

Tragulus javanicus, 558; meminna, *558; 
prctulliiis, 558; russeus, 358; stanleyanus, 
558 

Triaenops afer, 81 
Trichechidac, si 5 
Trichechus manatus, 515 
Trichosurus caninus, 21; vulpecttla, 18 
Tubulidentata, s<>9 

Tupaia castanea, 124; glis, 123; javanica. 

124; minor, 124; tana, 124 
Tupaiidae, 123 
Tupaiinac, 123 
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Tursicops truncatus, 415 
Tylomys watsoni, 261 

Uncia, 493 

Vrocyon cineroargenteus, 441 
Uroderma hilohaturn, 89 
Urogale evereiti, 124 
Uromys caiidimaculatus, 356 
Ursidac, 425, 443 

Ursns americanus, 443; arctos, 444; gyas, 
444; hornhilis, 444; middendorfi, 445; 
ornatus, 445 

Vampyrum spectrum, 86 
Vandeleuria olcracea, 316 
Vespertilio murinus, 109 
Vespertilionitlac, 64, 65, 93 
Vcspcrtilioninac, 93 
Vit'crra megaspila, 473; zibetha, 473 
Vivcrricttla indica, 472; rasse, 472 
Vivcrriclac, 425, 472 


Vivcrrinac, 472 
Vombatus, 24 
Vormela peregusna, 460 
Vtilpes bengalensis, 440; chama, 440; corsac, 
440; julva, 436; macroura, 436; regalis, 
436; velox, 440; vulpes, 439 

Wallahia, 27 

Xenarthra, 177 

Xerus erythropus, 225; inaurus, 225; rutilis, 
226 

y.aiophus califortiianus, 495 
ZapodicJae, 380 
Zapodinac, 381 

Zaptis hiidsonius, 381; princeps, 381; trino^ 
tat us, 381 
Ziphiidac, 411 
Zorilla striatus, 464 
ZygodoTJtomys cherriei, 271 
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Aard-vark, 509 
Addax, 612 
Agouti, 402 
Anoa, 584 

Anteater, giant, 177; two-toed, 177 
Antelope, four-horned, 581; roan, 611; sable, 
611 

Ape, Barbary, 154 
Argali, 650 
Arkhar, 650 

Armadillo, hairy, 179; nine-banded, 181; 
six-banded, 179 

Ass, mulita, 181; domestic, 530 
Aye-aye, 129 

Babirusa, 553 

Baboon, chacma, 155; dogurea, 158; gelada, 
160; sacred, 158; yellow, 158 
Badger, American, 467; European, 466, fer¬ 
ret, 468; honey, 465 
Bandicoot, 17 
Bantcng, 605 
Barasingha, 564 

Bat, American fruit, 90; Asiatic pipistrelle, 
102; barbastelle, 113; big brown, 106; 
bulldog, 75; cinnamon, 83; common 
European, 97; common pipistrelle, 103; 
epaulette, 70; evening, 109; fish-eating, 
loi; fruit, 66; gray, 94; greater horse¬ 
shoe, 78; greater yellow, iii; hoary, 112; 
Indian fruit, 67; Indian sheath-tailed, 74; 
Indian vampire, 77; javelin, 85; leaf-nosed, 
81, 84; leaf-tipped, 82; lesser horseshoe, 
79; lesser yellow, no; little brown, 96; 
little canyon, 107; long-eared, 84, 113; 
long-tongued, 87, long-tongued vampire, 
86; lump-nosed, 114; mastiff, 121; mouse¬ 
tailed, 72; noctule, T05; pale, 118, parti¬ 
colored, 109; red, 112; red-necked fruit. 


69; Rhoads', 93; scrotine, 108; sharp¬ 
nosed, 73; sheath-tailed, 72; silvery, 102; 
spotted, 116; vampire, 92; white-eared 
fruit, 66; white-lined, 73; yellow, no 
Bear, Asiatic black, 443; black, 443; Euro¬ 
pean brown, 444: grizzly, 444; koala, 
23; polar, 445; sloth, 446; sun, 446 
Beaver, 255, 256; mountain, 214 
Bharal, 632 
Bighorn, 651 
Bilby, 17 
Binturong, 475 

Bison, American, 605; European, 606 

Blackhuck, 617 

Blackfish, 416 

Blesbok, 612 

Bobcat, 488 

Bontebok, 612 

Boubieda, 313 

Brocket, red, 571; wood, 571 
Buffalo, African, 665; American (bison), 
605; Eurasian, 581; European (wisent), 
606 

Bushbaby, 131 
Bushbok, harnessed, 579 

Cacomistle, 446 

Camel, bactrian, 556; dromedary, 557; two¬ 
humped, 556 
Capuchin, weeping, 136 
Capybara, 401 
Caracal, 490 
Caribou, 573 

Cat, domestic, 482; European wild, 488; 
jungle, 490; leopard, 490; ring-tailed, 
446 

Cattle, domestic, 584; humped, 603 
Cavy, domestic, 386; Patagonian hare, 400; 
spotted, 401 
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Chamois, 622 
Cheetah, African, 493 
Chevrotain, 558; water, 557 
Chickaree, 221 
Chimpanzee, 166 
Chinchilla, 403 

Chipmunk, 246; eastern, 239; little northern, 
240 

Chiru, 620 
Chital, 560 

Civet, 473; African, 473; African palm, 
474; golden palm, 475; palm, 474, 475 
Coati, 448 
Coyote, 434 
Cnypu, 405 
Cuscus, 22; gray, 18 

Dassie, rock, 514 

Deer, Chinese water, 575: fallow, 559: hog, 
561; Japanese, 566; mule, 567: musk, 
558; pampas, 572; Pore David’s, 567; 
red, 563; roe, ‘>75; spotted, 560; Virginia, 
569; white-tailed, 569 
Dhole, 442 
Dik-dik, 616 
Dingo, 426 

Dog, Cape hunting, 442; domestic, 426 
Dolphin, Amazon, 411; bottle-nose, 415; 
common ocean, 415; Ganges, 410; striped, 
416 

Donkey, 530 

Dormouse, 379; African, 379; edible, 378; 

tree, 379 
Dourocouli, 134 
Drill, 160 
Dromedary, 557 
Dugong, 515 

Duiker, 607; blue, 607; red, 607 

Echnidna, 1 
Eland, 580 

Elephant, African, 510; Indian, 511 
Elephant shrew, 41 
Elk, moose, 573; wapiti, 561 
Ermine, 449 

Fennec, 440 
Ferret, 432 
Fisher, 462 
Flying fox, 67 
Fossa, 480 


Fox, Arctic, 435; big-eared, 443; English 
red, 439; gray, 441; Indian, 440; red, 
436; silver, 436 

Gaur, 603 
Gayal, 603 

Gazelle, 618; Indian, 618; Persian, 619 
Gemsbok, 611 
Genet, 472 

Gerbil, 287, 309, 310, 311; mouse, 375; 

pampas, 273; short-cared, 313 
Gibbon, 165; black, 165; white-browed, 164 
Giraffe, 577 

Glider, 22; pigmy, 21; sugar, 22 
Glider-possum, 24 
Glutton, 465 
Gnu, 613 

Goat, domestic, 623; Rocky Mountain, 621 

Gopber, pcKket, 244, 246, 247, 248, 249 

Goral, 621 

Gorilla, 168 

Grison, 464 

Ground hog, 226 

Guinea pig, 386 

Gundi, 409 

Hamster, 280; Chinese, 280; golden, 282 
Hanglu, 562 

Hare, Arctic, 185; black-naped, 190; com¬ 
mon, 188; mountain, 189; rock, 184; 
snowshoc, 186; spring, 257; varying, 189 
Hartebeest, 612 

Hedgehog, European, 37; long-eared, 40; 

South African, 36 
Hippopotamus, 554; pygmy, 555 
Hog, pygmy, 552; river, 537; wart, 552 
Horse, 516 
Huemul, 572 
Hutia, 404 

Hyaena, 482; brown, 482; spotted, 481 
Hyrax, rock, 513; tree, 513 

Ibex, 631 
Impala, 617 
Indri, 129 

Jackal, black-backed, 435; common, 435; 

side-striped, 435 
Jaguar, 490, 492 
Jerboa, 382, 383; African, 383 
Jird, 313, 3M 
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Kangaroo, gray, 27; muskrat, 32; rat, 30, 31; 

red, 28; sooty, 29; tree, 30 
Kinkajou, 448 
Klipspringer, 614 
Koala, 23 
Kob, 609 
Kongoni, 613 

Kudu, greater, 579; lesser, 579 

Langur, 162 
Lcchwe, 609 
Lelwel, 613 

Lemming, 289; bog, 288; collared, 287; 
mole, 308 

Lemur, black, 125; brown, 126; flying, 63; 
gentle, 126; mongoose, 126; mouse, 127; 
ring-tailed, 125; woolly, 128 
Leopard, 491; snow, 492 
Linsang, 473 
Lion, 492; mountain, 489 
Llama, 555 

Loris, slender, 130; slow, 130 
Lynx, 490 

Macaque, bonnet, 152; crab-eating, 141; 
Formosan, 140; Japanese, 140; lion-tailcd, 
153; pig-tailed, 152; rhesus, 143; toque, 

153 

Man, 168 

Manatee, 515 

Mandrill, 160 

Mangabcy, 155; sooty, 155 

Margay, 490 

Markhor, 630 

Marl, 17 

Marmoset, 139; silky, 139 
Marmot, 226 

Marsupial cat, 13; mouse, ii; rat, 12 
Marten, beech, 461; European pine, 462; 

pine, 461; stone, 461 
Mierkat, 477, 480 
Mink, 457; European, 460 
Mole, common American, 61; European, 57; 
golden, 35, 36; hairy-tailed, 60; rfmgh- 
haired golden, 36; star-nosed, 62; Town¬ 
send’s, 61; Western, 60 
Mongoose, 476; crab-eating, 478; dwarf, 
478; gray, 478; Madagascar, 476; striped, 
479; water, 479 

Monkey, black howler, 136; black spider. 


138; grivet, 161; howler, 135; macaque, 
140; pluto, 161; proboscis, 163; red, 162; 
spider, 137; squirrel, 137; woolly, 138 
Moonrat, 36 
Moose, 573 
Mouflon, 651 

Mouse, back-striped, 322; birch, 380; blind, 
316; bush, 320; California meadow, 300; 
cotton, 263; deer, 263, 265; desert, 262; 
dwarf meadow, 306; fat, 375; field, 298, 
299, 304, 317; grasshopper, 270; harvest, 
259, 260; house, 357; jerboa pouched, 13; 
jumping, 381, 383; laboratory, 359; leaf- 
eared, 272; lemming, 296; little harvest, 
317; night, 261; Oregon creeping, 304; 
Persian house, 357; pine, 297; pinon, 267; 
pocket, 249; pouched, 373; pygmy, 270; 
pygmy kangaroo, 251; pygmy rock, 375; 
Rocky Mountain meadow, 306; spiny, 
372; spiny pocket, 254; striped, 321; tree, 
297, 316, 374, 377; volcano, 275; white- 
footed, 261; wild, 357; wood, 264; 
woodland jumping, 382 
Mundarda, 21 
Muntjac, 559 
Musk ox, 622 

Muskrat, 294; kangaroo, 32; round-tailed, 
296 

Narwhal, 414 
Nilgai, 580 
Noolbcnger, 23 
Numbat, 16 
Nutria, 405 
Nyala, 579 

Ocelot, 490 
Okapi, 576 
Onager, 532 

Opossum, 6; mountain, 5; mouse, 5; rat- 
tailed, 6; Virginia, 6; water, ir; woolly, 4 
Orang-utan, 165 
Oribi, 615 

Oryx, beisa, 611; white, 611 

Otter, Canadian, 469; clawless, 470, 471; 

European, 470; giant, 470; sea, 471 
Ounce, 492 

Padcmclon, 26 
Panda, 449; giant, 449 



INDEX OF VERNACULAR NAMES 


669 


Pangolin, 182 
Peccary, 553; collared, 554 
Peromyscus, desert, 262 
Pig, domestic, 538; wild, 537 
Pika, 183 
Platypus, 2 

Polecat, 452; African, 464; marbled, 460 
Porcupine, 385; hairy tree, 386; Old World, 

384 

Porpoise, 417; Indian, 418 
Possum, brush-tail, 18; glider, 24; honey, 
23; ring-tailed, 23 
Potoroo, 32 
Potto, 131 

Prairie dog, 228, 229 
Pronghorn, 578 
Pudu, 572 
Puku, 609 
Puma, 489 

Quagga, 533 
Quokka, 29 

Rabbit, brush, 192; domestic, 195; Eastern 
cottontail, 193; highland, 104; jack, 187, 
190; marsh, 194; New England cotton¬ 
tail, 194; swamp, 191; volcano, 185 
Raccoon, 447; dog, 441 
Rassc, 472 

Rat, bamboo, 316; black, 351; brown, 324; 
bush, 322, 406; cane, 271, 408; chin¬ 
chilla, 407; coffee, 320: cotton, 273; 
creek, 321; dassie, 408; giant, 374: In¬ 
dian antelope, 312; Indian mole, 372; 
jerboa, 319; kangaroo, 251, 252, 233; 
laboratory, 324; mole, 315, 408; multi- 
mammate, 352; Norway, 324: rice, 258; 
spiny, 407; tree, 323, 336; water, 319, 
377; wood, 275, 276, 278, 279, 371 
Ratel, 465 
Recdbuck, 610 
Reindeer, 573 
Rhebok, Vaal, 610 

Rhinoceros, Asiatic two-horned, 534; black, 
S35; white, 534 
Rodents, 213 
Rusa, 565 

Sable, Siberian, 463 
Saiga, 620 


Sambar, 565 
Sassaby, 612 

Sea elephant, northern, 508; southern, 506 
Sea lion. New Zealand, 497; northern, 496: 
southern, 496 

Seal, bearded, 502; Californian fur, 495; 
Cape fur, 493; Caspian, 500; crab-eating, 
502; gray, 501; Greenland, 498; harbor, 
499; harp, 498; Hawaiian monk, 505; 
hooded, 505; leopard, 503; monk, 505; 
New Zealand fur, 494; Northern fur, 494: 
ribbon, 500; ringed, 498; WeddclTs, 503 
Seren, 619 
Serow, 621 
Serval, 490 

Sheep, Barbary, 632; bighorn, 651; domes¬ 
tic, 632; mouflon, 651 
Shrew, common American, 49; common 
European, 43; Dismal Swamp, 52; ele¬ 
phant, 41; forest, 55; greater tree, 12^: 
house, 53; lesser, 45; mole, 51; mouse, 
55, 56; Philippine tree, 124; pygmy, 50; 
short-tailed, 51, 53; smoky, 49; spotted, 
56; tree, 124; water, 48, 50 
Sifaca, 129 
Simang, 165 

Skunk, 468; sj)oltcd, 468 
Sloth, threc-toed, 178; two-toed, 178 
Spring hare, 237 
Springbok, 619 

Squirrel, African ground, 225; American 
red, 220; antelope, 231; bush, 223; Cali¬ 
fornian gray, 219; Californian ground, 230; 
Columbian ground, 230; European red, 
218; flying, 242, 243; fox, 217; giant, 
223: gray, 215; mantled ground, 238; 
palm, 221: pygmy, 220; rock, 238*, thir¬ 
teen-lined ground, 233 
Steinbok, 613 
Stoat, 449, 452 
Suni, 61 3 

Suslik, 232; Arctic, 237 

Tahr, 623 
Takin, 622 
Tamarin, 140 
Tammar, 26 

Tapir, Asiatic, 3 EC* Brazilian, 533 
Tarsier, 133 

Tasmanian devil, 15; wolf, 16 
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Tayra, 463 
Tcnrec, 32 
Thameng, 564 
Tiger, 492 
Titi, 137 
Tuco-tuco, 407 
Tur, 631 

Urial, 652 

Vicugna, 555 

Viscacha, 402; mountain, 403 
Vole, 269, 302; Asiatic, 301; bank, 290; 
Orkney, 306; reel-backed, 290; rock, 306; 
singing, 306; water, 293, 307 

Wallaby, black, 27; brush, 27; hare, 25; 

nail-tailed, 26; rock, 25 
Wallaroo, 28 
Walrus, 497 
Wapiti, 561 
Wart hog, 552 


Waterbuck, common, 608; defassa, 608 
Weasel, Alpine, 460; European, 451; large 
brown, 451; least, 460; yellow-bellied, 
460 

Whale, Atlantic right, 423; beaked, 411; 
blue, 422; bottle-nose, 412; false killer, 
416; finner, 420; gray, 418; Greenland, 
424; humpback, 421; little piked, 418; 
Pacific killer, 415; pygmy sperm, 414; 
sei, 419; southern right, 423; sperm, 412; 
white, 414 

Wildebeest, black, 613; blue, 614 
Wisent, 606 

Wolf, 434; aard, 481; maned, 442 
Wolverine, 465 
Wombat, 24 
Woodchuck, 226 

Yak, 602 

Zebra, Burchcll’s, 532; Grevy’s, 533; moun¬ 
tain, 533 
Zebu, 603 




